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This is the latest issue of “Science and Technology Trends — Quarterly Review”.
N ational Institute of Science and Technology Policy (NISTEP) established Science and Technology Foresight Center (STFC) in January 2001 to deepen 
analysis with inputting state-of-the-art science and technology trends. The 
mission of the center is to support national science and technology policy by 
providing policy makers with timely and comprehensive knowledge of important 
science and technology in Japan and in the world.
S TFC has conducted regular surveys with support of around 2000 experts in the industrial, academic and public sectors who provide us with their 
information and opinions through STFC’s expert network system. STFC has been 
publishing “Science and Technology Trends” (Japanese version) every month 
since April 2001. The first part of this monthly report introduces the latest topics 
in life science, ICT, environment, nanotechnology, materials science etc. that are 
collected through the expert network. The second part carries insight analysis by 
STFC researchers, which covers not only technological trends in specific areas 
but also other issues including government R&D budget and foreign countries’ 
S&T policy. STFC also conducts foresight surveys periodically.  
T his quarterly review is the English version of insight analysis derived from recent three issues of “Science and Technology Trends” written in Japanese, 
and will be published every three month in principle. You can also see them on 
the NISTEP website.
We hope this could be useful to you and appreciate your comments and advices.
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Patent Exploitation in the Information and
Communications Sector
— Using Licensing to Lead the Market —
Recent years have seen an increasing number of patent infringement disputes 
between companies, including the latest ones over plasma panel technology. 
However, as an analysis of the patent application trends for plasma panel 
technology implies, no single company can ship a product without obtaining 
patent licenses from others parties. That is to say, partnerships with others are 
essential in such industrial sectors as electrical, electronics, and information 
and communications technologies. From this perspective, this article describes 
international standardization activities and patent pools aimed at alliances with 
others, and discusses a strategy for patent exploitation in these industries.
A traditional approach to building partnerships with others is participating in 
international standardization activities led by public organizations. More recently, 
forums operated voluntarily by interested parties have gained momentum. In 
these activities, participating companies are expected to grant licenses on a 
non-discriminatory basis if their patents are related to the technology being 
standardized. To provide a centralized licensing process, patent holders in the 
same technology sometimes reach an agreement and create a patent pool, as in 
the cases of MPEG and DVD technologies.
The members of international standardization bodies and patent pools agree 
not to exercise their patents as exclusive rights. By granting licenses to others, 
however, they are rewarded in the short term with economic benefits, and 
in the long term with strategic opportunities to exert influence on market 
trends. The Japan Fair Trade Commission has clarified its views on international 
standardization and patent pools in its “Guidelines on Standardization and Patent 
Pool Arrangements,” released in June 2005. The guidelines declare that these 
activities do not pose legal problems as long as they do not involve price-fixing or 
similar agreements.
With this in mind, companies should step up efforts to exploit their patents 
as licenses and obtain more patents. Simply participating in standardization 
activities is not enough. Companies should move proactively to have their 
patented technologies incorporated in standards. What matters in international 
standardization activities is political negotiation rather than assessment of 
technological perfection. Therefore, companies should delegate skilled negotiators 
to participate in such activities, while providing employees with more educational 
opportunities to improve negotiation skills. On the other hand, many national 
governments are increasing their emphasis on intellectual property. The 
government sector should also be more aware of the particular importance of 
patent exploitation.
(Original Japanese version: published in October 2005)
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The Path to Humanitarian Demining and
International Cooperation
Every year, landmines kill or injure an estimated 10,000 people around the 
world. Thus, humanitarian demining is necessary after conflicts come to an end. 
Local nongovernmental organizations carry out humanitarian demining activities 
with the support of demining groups organized in their countries by the United 
Nations. However, current practical mine detection technology, namely, metal 
detectors and mine-detection dogs, are reliable but inefficient. The development 
and application of more efficient technologies is therefore necessary.
Japan has signed the 1997 Convention on the Prohibition of the Use, 
Stockpiling, Production and Transfer of Anti-Personnel Mines and on their 
Destruction (Ottawa Convention). At the same time, Japan made clear its support 
for antipersonnel demining and victim assistance. The Ministry of Education, 
Culture, Sports, Science and Technology, the Ministry of Economy, Trade and 
Industry, the Ministry of Foreign Affairs, and other agencies are engaged in 
research and development projects that aim to make a tangible international 
contribution.
Among the landmine detection technologies currently in development, 
technology for the direct detection of explosives has yet to reach the stage of 
practical application. Ground penetrating radar (GPR) is the technology closest 
to practical use. In Japan as well, a research project of the Japan Science and 
Technology Agency (JST) is developing dual sensors along with landmine 
detection technology using robots, unmanned vehicles, and robot arms. In recent 
years, tests of some of this technology have been carried out in countries affected 
by landmines, and it is approaching practical application.
An example of this is the development by Tohoku University of the dual-sensor 
Advanced Landmine Imaging System (ALIS), which combines metal detectors with 
GPR. Unlike metal detectors, GPR is capable of imaging plastic landmines. In the 
case of handheld dual sensors, however, antenna position during measurement 
could not be tracked, so target imaging was impossible. ALIS solves this problem 
with a CCD camera, enabling real-time confirmation of sensor position. Workers 
can judge landmine position from the images.
Around the world, various ground penetrating radar development projects 
for landmine detection are nearing completion. Some have concluded on-site 
testing and evaluation and are entering practical application. In order to make a 
more positive contribution in this sector, it is important for Japan to step up the 
provision of ODA and other funds to countries where landmines are buried and to 
be actively involved in the establishment of international evaluation standards.
Furthermore, sensor technology produced through development of landmine 
detection technology should not be limited to a few fields. Instead, it should 
be actively used to pioneer work in applied fields such as environmental 
measurement, lifeline maintenance engineering, and soil pollution.
 (Original Japanese version: published in October 2005)
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Trends in Services Sciences in Japan and Abroad
Services are playing an increasingly important role in the global economy in 
line with the growth of the service industry and services in the manufacturing 
industry. American and European universities are demonstrating a new trend 
toward adoption of scientific approaches to services. They seek to revitalize 
domestic and global economies by solving service-related problems through 
scientific methods, improving productivity, and fostering innovation. This 
emerging academic discipline is called “Services Sciences, Management and 
Engineering” (in short “services sciences”).
Major research issues in services sciences include service innovation 
management, technology to improve service efficiency, setting the price of 
services, measuring service productivity, testing services, risk management for 
service projects, operations research and total optimization, computational 
organization theory, and methodologies and tools to improve service quality and 
efficiency (business process modeling).
A comprehensive analysis of these research issues reveals several essential 
factors of services sciences. First, mathematics and information science are 
important for services sciences, as are social sciences, such as economics, law 
and organization theory, which are essential for acquiring real - world knowledge. 
Second, an academic discipline that can provide a more comprehensive 
perspective on human considerations must be developed in order to measure 
personal satisfaction and other feelings. Third, practical business knowledge and 
experience must be harnessed adequately. Finally, and above all, a new structure 
to integrate all the knowledge and methodology derived from natural sciences, 
engineering, social sciences and business is needed, and this structure is provided 
by services sciences.
Provision of services requires a certain amount of human involvement and 
appeals directly to human feelings in order to deliver personal satisfaction. This 
characteristic of services makes their economic value highly dependent on human 
factors, such as the culture, customs and sense of values of the country in which 
services are offered. However, the types of services that have developed in the 
Western value structure as economic activity under explicitly defined contracts to 
offer resources, to teach and provide knowledge and skills, or to support business 
operations are likely to expand further in the world economy and to become a 
steady driving force for globalization. To maintain the development of its economy, 
Japan should establish a policy of pursuing scientific methods of stimulating the 
service economy. To this end, Japan should promote joint service research among 
industry, academia and government in order to identify problems and discuss their 
solutions, and should foster through such research the human resources needed 
for service innovation.
 (Original Japanese version: published in December 2005)
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Challenges in Interconnection Design for
LSI Chips and the Crucial Task of Developing
a Suitable Design Automation Tool
Large Scale Integrated (LSI) chips have shown rapid progress, as integration 
and miniaturization move forward. At the same time, the interconnection 
issue has been attracting attention. Interconnection is becoming a bottleneck 
when designing and manufacturing LSI chips. Here, “interconnection”
indicates the mutual connections between circuit elements, gate, macro, 
etc., and “interconnection issue” relates to the difficulties in optimizing the 
interconnections during design and manufacture.
To date, the LSI development process has been divided between design and 
manufacture, with the design comprised of logic design and interconnection 
design. A well-defined interface between them allowed each process to be 
completed independently. Now, the development process is undergoing a drastic 
change and due to chips getting smaller, design using a conventional interface 
is no longer feasible. Therefore there is a requirement for more integration 
between design and manufacture. This is in order to avoid re-designs caused 
by interconnection line delay times. Miniaturization demands integration in 
parallel, in order to avoid low manufacturing yields. This is summarized as the 
interconnection issue.
The interconnection issue can be solved by the combination of advanced 
design technology and advanced manufacturing. Japan has an advantage in 
manufacturing technology, which is supported by research into materials, 
architecture, and interconnection. In these fields, a variety of advanced studies 
and developments are underway both in Japanese companies and universities, 
and are well recognized in the global community. In contrast, design technology 
is dominated by electronic design automation (EDA) tools developed in the U.S. 
In this article, a policy is proposed to strengthen design technology for solving 
the interconnection issue and to create design technology that features the 
well-integrated design and expertise of the advanced manufacturing industry.
(1)  Development of core EDA tools: focusing on the fields that maximize the 
advantages of integration, accumulated design expertise and technology, 
passing on of that expertise, and protection of the resulting intellectual 
property.
 (i)  Future development that maximizes the advantages of manufacturing: 
creation of the design rule based on quantitative analysis of 
manufacturing yield, construction of a new design method, and timely 
future development of innovative EDA tools
 (ii)  Interdisciplinary collaboration: promotion of collaboration between 
design and manufacture, and between silicon and nanotechnology
 (iii)  Active participation of university researchers in a company-lead 
consortium
(2)  Active promotion of getting the most out of intellectual property: by 
protecting valuable existing intellectual property and avoiding an 
unintentional outflow of expertise.
(3) Targeted promotion: of related fields and setting an effective roadmap.
 (Original Japanese version: published in December 2005)
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Recent Development Trends in
Catalyst Technologies for
Reducing Nitrogen Oxides Emissions
In recent years, the state of air polution in Japan has shown significant 
improvement with regard to sulfur oxides (SOx) concentrations. But nitrogen 
oxides (NOx) concentrations, especially in urban areas, have exhibited little 
progress. Development of technologies for reducing NOx will remain a 
challenge because NOx is the main source of photochemical oxidants, whose 
concentrations have shown significant increases in recent years. In the many fields 
associated with reducing emissions, including NOx removal as well as processing 
emissions from automobiles and factories, catalysts play an important role in 
maintaining public health.
More than half of the NOx released into the atmosphere comes from 
automobile emissions, thus NOx reduction from this source is of utmost 
importance. In fact, regulations on NOx emissions from automobiles in Japan have 
become tighter each year. The three-way catalyst has been the standard method for 
eliminating NOx from gasoline - powered automobiles. Its application to the new 
generation lean-burn engines, however, is severely limited, and research into new 
catalyst systems is being actively undertaken. Also, new catalyst systems are under 
development for use in diesel engine automobiles. Japanese technology in these 
areas is a step ahead of the industrial countries in Europe and the United States, 
and the industry-academic-government projects conducted in Japan have already 
yielded tangible results.
For fixed sources, such as large-scale power plants, NOx is typically removed 
from the emitted gas by selective catlytic reduction with ammonia (NH3-SCR). 
With regard to this technology, Japan is a world leader. In small-scale power plants, 
including co-generation systems, the U.S. developed a new technology that can 
supplant NH3-SCR and has put it into practical application.
From the perspective of scarce resource protection, it will be a challenge for the 
automobile industry to reduce the amount of precious metals incorporated in the 
catalyst. To address the energy and environmental problems, as well as to reduce 
CO2 emissions, it is also needed to develop a catalyst to reduce emissions from 
non-gasoline automobiles. Low NOx emission technologies for small-scale power 
generating installations (e.g. co-generation systems) will also be needed along with 
the dissemination of these systems.
To address these issues, we recommend the following proposals that aim to 
aid the development and implementation of catalyst technologies that alleviate 
environmental damage.
(1)  Promotion of industry-academic-government cooperation that facilitates 
the sharing of important data obtained from state-of-the-art large-scale 
instruments, such as SPring-8, ultimately aiding efforts to reduce the amount 
of precious metals used for catalysts.
(2)  Support for projects to recover precious metals from junked automobiles in 
developing countries in order to facilitate precious metal recycling.
(3)  Support for fundamental research and development initiatives aimed at 
reducing the emissions from automobiles that run on diesel, biomass, and 
CNG (compressed natural gas) fuel. These technologies can help to address 
energy concerns, as well as environmental protection. Hybrid emission 
5
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reduction systems that combine plasma technology and catalysis promise 
substantial reduction in the energy required for emission controls.
(Original Japanese version: published in November 2005)
Moves toward the Utilization of
Nuclear Technologies in the Kyoto Mechanism
—  Points of Interest in the Future Framework
 of the Kyoto Protocol —
The Kyoto Protocol establishes legally binding, quantifiable targets applicable 
to greenhouse gas emission reductions for advanced countries. The advanced 
countries are listed in Annex I of the Protocol. The quantified targets for the 
advanced countries are not limited solely to their domestic reductions in 
greenhouse gas emissions. The protocol allows advanced countries to use a 
mechanism to either 1) take joint measures with other countries to reduce part of 
their greenhouse gas emissions and combat global warming or 2) sell or purchase 
the reduction of emissions to or from other countries. This is called the “Kyoto 
Mechanism.”
When reducing greenhouse gas emissions, any activity jointly carried out 
by advanced countries is considered “Joint Implementation” (JI), while that 
carried out by an advanced country and a developing country is considered a 
“Clean Development Mechanism” (CDM). A developing country as defined in 
the Kyoto Protocol is a country not required to reduce emissions.  The trading of 
emission credits between countries where emission reductions are imposed with 
quantified targets for greenhouse gas emission reduction is “Emissions Trading” 
(ET).
The Clean Development Mechanism (CDM) is a system that encourages 
advanced countries to transfer their technologies for reducing greenhouse gas 
emissions to developing countries. However, the CDM and the JI do not allow 
advanced countries to use nuclear technologies to achieve their emission targets 
during the first term of the Kyoto Protocol, ending in 2012.
Rapid increase in Economic growth is expected in several Asian countries 
now defined as developing countries in the Kyoto Protocol. Predictions are that 
such growth will cause a rapid rise of greenhouse gas emissions. These Asian 
countries may need to work in collaboration with the United States and other 
countries to fulfill their future obligations to reduce emissions. Nuclear power 
generation systems produce relatively few greenhouse gas emissions. Such power 
generation systems could be used as a main source of power. Technologies need 
to be introduced into developing countries as soon as possible to prevent the 
acceleration of global warming while maintaining sustainable development. Some 
reports have predicted that an effective way to reduce worldwide CO2 emissions 
and prevent the acceleration of global warming would be to help developing 
countries establish nuclear power generation systems and promote their nuclear 
development efforts.
However, developing countries in Asia and other regions face many problems 
promoting the use of nuclear technologies. For example, technologies to ensure 
safety and nuclear nonproliferation and the development of infrastructures need 
to be considered before nuclear technologies can be effectively introduced.
In accordance with the current nuclear nonproliferation system, this article 
proposes that advanced countries transfer their nuclear technologies to 
Energy
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developing countries and help them build the necessary infrastructures to 
introduce nuclear technologies under the Kyoto Mechanism. Doing so may help 
developing countries reduce their greenhouse gas emissions during the second 
term of the Kyoto Protocol, during 2013, and during the post-Kyoto Protocol 
period. Considering the present situation, future potential problems, and the need 
to help developing countries as described above, we recommend the following:
(1)  Looking ahead to the post-Kyoto Protocol period, the use of a multifaceted 
approach to achieve emission reduction targets is a necessity. For example, 
the establishment of a common emission standard for all countries.
(2)  The use of nuclear technologies needs to be incorporated into the Kyoto 
Mechanism (CDM/JI).
(3)  In keeping with nuclear nonproliferation measures, the establishment 
of a system to help developing countries promote the use of nuclear 
technologies is a necessity. Such a system includes:
 •  The transfer of nuclear technologies, such as safety control technologies 
for nuclear power generation systems, to developing countries.
 •  The establishment of nuclear industry infrastructures, including the 
development of human resources, safety regulations, and appropriate 
public relations, for nuclear technologies.
 (Original Japanese version: published in November 2005)
Recent Trends in Earthquake Disaster
Management in Japan
Japan is both one of the most earthquake-prone countries and one of the most 
advanced in terms of earthquake disaster management.
Ten years have passed since the Great Hanshin-Awaji Earthquake of January 
1995. During this period, various technologies for earthquake disaster 
management have been developed. This report summarizes conditions and issues 
related to mitigating earthquake damage and proposes solutions, from knowledge 
obtained through the Miyagi-ken-oki Earthquake, Miyagi-ken-hokubu Earthquake 
and Tokachi-oki Earthquake of 2003, the Niigata-ken-chuetsu Earthquake of 
October 2004, and the Fukuoka-ken Seiho - oki Earthquake of March 2005.
1. Earthquake measurement and prediction
Although completion of high-sensitivity seismic measurement facilities covering 
all of Japan at approximately 20-km intervals and of GPS continuous observation 
facilities is progressing, and test operation of earthquake warning bulletins via a 
network of highly-accurate seismic instruments has begun, accurate earthquake 
prediction remains problematic.
(1)  In addition to attempting to mitigate damage through earthquake and 
tsunami data and earthquake warning bulletins, a system that networks 
seafloor seismographs for continuous, real-time monitoring is necessary.
(2)  Seismographs are to be replaced every 10 years, and those placed in 
response to the Great Hanshin-Awaji Earthquake are now almost 10 years 
old. Local governments have placed approximately 2,800 seismic intensity 
indicators all around Japan, but the consolidation of municipalities has 
led to the elimination and consolidation of seismographs, while reduced 
Social
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funding has led to reductions in routine maintenance, possibly lowering 
the accuracy of measurement. Action is necessary. Furthermore, in order 
to provide seismic intensity bulletins, the system must be immediately 
improved through measures such as increasing the number of network 
lines, multiplexing and continuous connection, enhanced processing 
capacity for transmission and reception servers, and so on.
2. Promotion of earthquake-resistant housing
The Central Disaster Management Council's Earthquake Disaster Management 
Reduction sets forth the concrete goal of increasing the percentage of 
earthquake-resistant housing from the current 75 percent to 90 percent over the 
next 10 years. However, the high costs of inspection for earthquake resistance and 
earthquake retrofitting, as well as the proliferation of unscrupulous contractors, 
have been obstacles to achieving this goal. Preferential treatment for disaster 
mitigation measures, such as reduced property taxes for earthquake-resistant 
structures, discounted earthquake insurance premiums, and so on, should be 
adopted.
3. Creation and distribution of hazard maps
Hazard maps that not only predict tsunamis and landslides caused by 
earthquakes, but also indicate possible locations of disrupted transportation 
networks and collapsed or burning buildings and allow evacuees to be promptly 
directed to safe locations must be created and distributed.
4. Promotion of multipurpose lifeline conduits
Many lifelines suffered heavy damage in the Great Hanshin-Awaji Earthquake, 
but multipurpose conduits in a certain part of the City of Kobe received only 
minor damage. Multipurpose conduits not only improve the safety of lifelines 
during an earthquake, they also require less digging up of roads and so on for 
repairs than do lifelines buried separately. However, methods to share information 
regarding damage and recovery and to work cooperatively on reconstruction of 
lifelines, such as electricity, gas, and water, must be established.
(Original Japanese version: published in August 2005)
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Patent Exploitation in the Information and
Communications Sector
— Using Licensing to Lead the Market —
HAJIME YAMADA
Affiliated Fellow
1 Frequent patent infringement
 disputes
T h e  J a p a n e s e  g o v e r n m e n t  h a s  b e e n  
implementing the Intellectual Property Strategic 
Program since 2003. This program’s underlying 
notion is stated as follows: “In order to increase 
nat iona l  wea lth th rough ef fect ive use of  
intellectual property, it is necessary to promote 
creation of high-quality intellectual property 
in the R&D sector and contents businesses and 
promptly protect it legally, thereby maximizing 
added values in industry” [1]. While the program 
emphasizes creation, protection and exploitation 
of intellectual property, this article focuses on 
exploitation alone.
Since the launch of the Intellectual Property 
Strategic Program, Japanese companies have 
become more aware of the need for protection 
of intellectual property, especially patents. An 
examination of the four Nikkei newspapers has 
revealed that the annual number of articles on 
patent infringement, which had hovered at 100 
until 2003, doubled to 205 in 2004. This suggests 
an increased frequency of patent infringement 
disputes.
Another interesting phenomenon coinciding 
with this is that the number of articles returned 
in a search with the keyword “cross - license” 
doubled from the previous year’s average to 64 in 
2004. For example, in the plasma panel market, 
which is a growing sector of the wide flat-screen 
TV market, Fujitsu filed a patent infringement 
suit against South Korean firm Samsung in April 
2004. Samsung immediately responded with 
a countersuit. But, the two parties reached a 
settlement in June and executed a cross-license 
agreement. In November of the same year, 
Matsushita Electric filed a patent infringement 
suit against LG Electronics of South Korea. 
The Korean firm filed counterclaims against 
Matsushita in South Korea. This dispute was also 
resolved by cross-licensing in April 2005.
Patent infringement suits are filed to protect 
the patent holder’s exclusive right to exploit the 
invention, which is the essence of the patent 
system. However, the parties involved in the 
plasma panel cases did not pursue this right 
and instead sought early settlement through 
cross - licensing. In such industrial sectors as 
electrical, electronics, and information and 
communications technologies, patents are 
often licensed to other companies, rather than 
exclusively exploited by the inventor [2]. In fact, 
many newspaper articles on cross - l icensing 
refer to products in these sectors, including 
steppers (equipment used in semiconductor 
manufacturing), f lash memory, CPUs, optical 
disks, blue LEDs, plasma panels, and digital 
cameras. Why is this?
T h e  J a p a n  F a i r  T r a d e  C o m m i s s i o n  
( JFTC) announced at the end of June 2005 
“Guidelines on Standardization and Patent Pool 
Arrangements” [3]. This document states that 
“standardization of specifications is not assumed 
to pose legal issues with the Anti Monopoly Act” 
unless such activities lead to restricting prices of 
new products, restricting alternative specification 
development, unreasonably extending the scope 
of specifications, or other potential threats to fair 
competition. This raises another question: Why 
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did the JFTC release the guidelines at this time?
2 Tragedy of anticommons
Companies accumulate the results of their 
research and development activities. These results 
can be divided into two types: know-how, which 
is concealed within the company, and research 
papers and patents, which are disclosed to the 
public. In Figure 1, the base area represents 
the “technical field.” In this field, individual 
companies occupy their own territories, and 
papers and patents are like the shell surrounding 
the core territories. Companies create new 
products through research and development 
within their territories. The resulting products 
appear on the top face, which represents the 
“product field.” Each company’s new products 
are assumed to ref lect its own accumulated 
technology.
A company that has provided a product most 
favored by consumers earns a profit. Accumulated 
technology is of no use unless it is valued in the 
marketplace. If a product of Company A succeeds 
in the market,  Company A’s accumulated 
technology is given value. By contrast, Company 
B, the loser, faces three problems. First, it has 
fai led to take advantage of its accumulated 
technolog y.  Second,  i t  needs to conduct  
additional R&D to meet market demands. Third, 
Company B is forced to catch up with Company 
A by developing a product similar to that of A, 
while avoiding using A's patented technology. 
Patent as an exclusive r ight thus protects 
Company A.
While Figure 1 assumes that the R&D area 
of Company A does not overlap with that of 
Company B, this is not realistic. In the real world, 
there are frequent overlaps between individual 
companies’ R&D areas because companies always 
monitor market trends carefully and sometimes 
need to adopt the same technology to ensure 
interoperability between modules for products 
incorporating a lot of modules.
This state is illustrated in Figure 2. In this chart, 
there is some overlap between the know-how 
of Companies A, B and C. This is a result of each 
company having conducted R&D independently 
but having discovered and accumulated the same 
know-how by accident. The three companies 
have individually filed patent applications, which 
have been examined and granted separately. 
These patents take up completely separate areas 
in the technical field because there should be no 
overlap between patent rights. Similarly, since 
every paper must be novel, papers of the three 
companies occupy separate areas in Figure 2.
In such a situation, suppose that a new product 
requires technologies from all three companies. 
If any of the three refuses to license its patented 
technology to the other parties, the entire set of 
accumulated technologies becomes useless. This 
is what is called the “tragedy of anticommons.” It 
occurs when a number of individuals claim rights 
Figure 1 : Relative relationships between companies in
 technical and product fields (schematic diagram)
Source: Prepared by the author
Figure 2 :  Relationships in technical field between three
 companies engaged in similar R&D
 (schematic diagram)
Source: Prepared by the author
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to a single land property and eventually make 
it unavailable. This phenomenon contrasts with 
the “tragedy of commons,” which is an economic 
term that refers to a situation in which the yield 
is reduced as a result of the overuse of common 
land by individuals.
The Japan Patent Office released in March 
2005 a report on the trends in patent applications 
related to plasma panels [4]. The report shows 
that, when grouped by applicant nationality, 
plasma panel patent applications filed to the JPO 
are split between Japan and South Korea. The 
first peak of applications was in 1998 to 1999, 
when Japanese organizations filed some 700 
applications, while South Korean organizations 
filed about 400. The number of applications 
began to increase again in 2002, suggesting that 
“fierce competition will highly likely continue 
between Japanese applicants and their Korean 
counterparts for the present,” according to the 
report. A continued application battle will make it 
increasingly difficult for any company to produce 
new products based only on its own patents.
Japanese mobile phone users are able to watch 
digital TV on their handsets. This is enabled 
by a video coding technology known as H.264, 
which has been standardized as an international 
standard in the ITU-T. When the organization 
began accepting licensing offers from related 
patent holders in its standardization process, it 
received as many as 169 offers.
To produce DVD products, such as players 
and disks, manufacturers need to be granted 
licenses from the owners of essential patents. 
To provide a centralized licensing process for 
DVD manufacturers, a patent pool called the 
DVD 6C Licensing Agency (hereinafter DVD6C) 
has been formed, as described later in “4 Patent 
Pools.” Nine companies participate in this group: 
Toshiba, Hitachi, Matsushita Electric, Mitsubishi 
Electric, Time Warner, Victor, IBM, Sanyo Electric, 
and Sharp. DVD6C licenses 760 patents owned by 
these companies.
In the information and communications sector, 
scores of companies around the world perform 
R&D in similar areas. As a result of equally 
competent researchers pursuing inventions in 
overlapping research areas, patents related to the 
same technology are owned by many different 
companies. However, marketable products 
and services in this sector usually combine a 
multitude of components and subsystems that 
involve multiple patents. This characteristic often 
causes the tragedy of anticommons.
T h e  o n l y  s o l u t i o n  t o  t h e  t r a g e d y  o f  
anticommons is cross - l icensing the related 
patents. This fact has led companies to deny the 
core concept of the patent system, patents as 
exclusive rights. In this regard, both international 
standardization activities and patent pools are 
attempts to solve the tragedy of anticommons 
through patent licensing.
3 International standardization
 and patents
T he r e  a r e  t wo  t y p e s  o f  i n te r n a t ion a l  
standardization activities: publ ic activities 
supported by governments and voluntary forums 
comprised of private enterprises. The first-type 
activities are typically conducted by ISO, IEC and 
ITU. The second-type or forum activities usually 
involve a group of leading companies that share 
the same interest. Either type of organization 
fol lows a democratic process for def in ing 
standards and releases the results for public use.
T he  i n te r n a t ion a l  s t a nd a rd i z a t ion  fo r  
DVD technology has been promoted by the 
DVD Forum. Wireless LAN standards have 
been discussed by the IEEE 802 Committee. 
International standards for the Internet have 
been developed by the IETF. Table 1 l ists 
standardization forums existing in the global 
information and communications sector. The 
extraordinary length of the list demonstrates how 
vital standardization is in this sector.
Both publ ic and pr ivate standardizat ion 
organizations have their own policies on how 
to deal with patents associated with their 
standards. These policies closely resemble each 
other because they are modeled on the same text 
that was first created in 1985 by the American 
standardizat ion body, ANSI, and has been 
reviewed continuously by the ITU.
The policy essentially consists of the two 
principles described in Table 2. According to 
them, if a patent is found to be essential to a 
standard, its holder is expected to license the 
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patent without discrimination. There is no 
notion of exclusive right. There are more drastic 
examples. Some companies have gone so far as to 
declare through an international standardization 
body that if their proposals are incorporated into 
a standard, they will license all of their related 
patents without discrimination.
The ITU-T, which coordinates standardization 
for telecommunications under the umbrella of the 
ITU, makes available a database of declarations 
by patent holders [5]. As of August 10, 2005, the 
database contained 95 declarations to “grant 
a free license on a non-discriminatory basis” 
and 1308 to “grant a license on reasonable and 
non-discriminatory terms and conditions.” On the 
other hand, 26 companies declared that if their 
proposals were incorporated into a standard, 
they would license any of their patents that were 
related to the standard without discrimination.
4 Patent pools
A s ing le i nternat iona l  s t andard can be 
associated with patents owned by several 
different companies. A manufacturer wishing 
to create a product that suppor ts such a 
standard needs to be granted a license from 
each respective owner of the related patents. 
To simplify this process and set a reasonable 
aggregate royalty for a package of relevant 
patents, patent holders sometimes choose to form 
a group called a “patent pool.”
4-1 MPEG-2
A notable example of patent pools is the one 
regarding MPEG-2, a video coding standard. In 
1997, a patent pool for MPEG-2 was formed by 
Columbia University, Fujitsu, General Instrument, 
Lucent Technologies, Matsushita, Mitsubishi, 
Philips, Scientific-Atlanta, and Sony. Under this 
mechanism, relevant patents of these entities 
are pooled through an independent agency that 
was appointed to provide licensing and royalty 
collection services. Collected royalties are shared 
among the patent pool participants.
Before the creation of the MPEG-2 patent pool, 
its members asked the U.S. Federal Government 
to verify that their conduct would not violate the 
federal antitrust laws. The Department of Justice 
responded by issuing a document confirming 
Table 1 : Forums in the information and communications sector
1394TA
ATMF
CDG
DECT Forum
ECHONET
ELC
FIPA
GSM Association
IDB Forum
ISC
JPNIC ENUM
M4IF
MITF
OGC
OSGi
PICMG
SDR
TOG
USBIF
WS-I
ADSL
BCDF
CIDf
DHF
ECOM
EMA
FSAN
H2GF
IDF
ISOC
JICSAP
MBA
MOPASS
OIF
PCCA
POF
SSIPG
TVAnytime Forum
W3C, Web 3D
ZigBee
AIM
Bluetooth
CELF
DHWG
EDIFICE
EMF
GGF
HAVi
IMTC
ITS America
JIF, JIPPA
MCPC
MPLS Forum
OMA
PCISIG
RPRA
STA
UbiqNet
WfMC
AMIC
Cable Modems
CommerceNet
DOPG
EIDX
ENUM, ERTICO
GlobalPlatform
HomePNA
IPv6
ITS Forum
LAP
MEF
MSF
OMG
PCMCIA
Salutation
T-E
UMTS
WiMAX
ASN.1
CBOP
CTFJ
DSLF
EJF
FCIA
GSA
ICANN
IrDA
ITS UK
LONMARK
MeT
OASIS
OSDL
PHS MoU
SCA
TMForum
UpnP
WiMedia
Source: Telecommunication Technology Committee
Table 2 : Typical policy regarding patent handling in international standardization bodies
•  Standardizaiton organization should inquire of its members about ownership of patents related to each draft 
standard, and approve the standard if the patent holders agree to declare their intention to grant “free licenses on a 
non-discriminatory basis” or “licenses on reasonable and non-discriminatory terms and conditions.”
•  If any of the patent holders “declares its intention to place any other additional terms and/or conditions,” no standard 
will be established.
Source: Prepared by the author
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that this patent pool would not conflict with 
the antitrust laws as long as it licensed only 
the essential patents on a non-discriminatory 
basis and involved no price - fixing or similar 
agreements. Thus, this form of patent pooling 
was officially approved by the U.S. Department of 
Justice.
4-2 DVD
International standards for DVD technology 
have been establ ished by the DVD Forum. 
DVD6C is a patent pool set up in 1999 for DVD 
patent licensing. DVD6C makes available basic 
information on royalties. For example, a licensee 
of DVD video player patents must pay per product 
unit either 4 percent of the net selling price or 
$3.00, whichever is greater. A licensee of DVD 
disk patents is required to pay $0.045 per disk.
Outside of the patents managed by DVD6C, 
there are other essential DVD patents owned by 
Philips, Pioneer and Sony. These three firms have 
formed their own patent pool called DVD3C. A 
company that intends to enter the DVD market 
needs to seek licenses from both patent pools. 
However, the members of DVD6C and those of 
DVD3C have cross-licensed their patents so that 
both sides can be assured of access to the market.
4-3 Third-generation mobile telephony
Third - generation (3G) mobi le telephone 
standards entail a huge number of patents. A 
report[6] submitted by the Ministry of Internal 
Affairs and Communications to a task force in 
the Council for Science and Technology Policy 
states that essential patent declarations submitted 
regarding W- CDMA and CDMA2000, the two 
major technologies constituting 3G mobile 
telephony, number 352 and 235, respectively. 
Of the declarations on W-CDMA, 117 are from 
Japan, followed by 102 from the U.S. and 68 from 
Europe.
To license a great many patents related to 
3G mobile communications technology, the 
3G Patent Platform (3G3P) was established in 
2002 as a patent pool. It provides licensing 
services through the subgroups dedicated to 
different technologies, including W-CDMA and 
CDMA2000. However, the 3G3P is not highly 
regarded in the industry because it has failed to 
include Qualcomm, the largest patent holder in 
3G mobile telephony.
4-4 Reluctance to create a patent pool
There have been only a limited number of 
patent pools formed so far. The greatest inhibitor 
is the cost of organizing a patent pool. Decisions 
on which patents are essential require the 
involvement of impartial experts, and such a 
process is inevitably expensive. When expected 
earnings from royalties are unlikely to justify the 
assumed expenses, companies hesitate to create a 
patent pool.
5 Relationships between
 patent pools and
 the Anti-Monopoly Act
The Japan Fair Trade Commission released 
at  the  end of  Ju ne 20 05 “Gu idel i nes  on 
Standardization and Patent Pool Arrangements.” 
No other gu idel ines of any countr y have 
addressed th is i ssue so comprehensively.  
This document states that “standardization 
of specifications is not assumed to pose legal 
issues with respect to the Anti-Monopoly Act,” 
but it also defines that “if a patent holder has 
taken part in the standardization activities and 
is endeavoring to have its patented technologies 
adopted in the specifications, refusing to grant 
a l icense without rational reason af ter the 
specifications have been established and widely 
adopted poses a legal problem with respect to 
the Act.” This can be interpreted as meaning 
that no conf lict with the Act occurs as long 
as patent holders observe the patent policy 
explained in the earlier chapter, “3 International 
Standardization and Patents.”
At the same time, the guidelines present JFTC’s 
perspective on patent pools as follows: “If the 
patents being pooled are only those essential for 
adopting functions and utilities in compliance 
with the specifications, the act of pooling patents 
does not restrict competition among the patented 
technologies, thus posing no problems under the 
Act.” This is the same stance as was taken by the 
U.S. Department of Justice on the case described 
earlier in “4 Patent Pools.”
The JFTC’s guidelines are also noteworthy in 
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that they demonstrate a positive view on patent 
pools, stating: “It does not generally pose legal 
problems under the Act if the parties developing 
specifications decide, in advance, to pool and 
license their patents for the specifications that 
they will obtain, when the patents that will 
be pooled are limited to essential patents and 
there are no other restrictions on their use.” 
This statement is a response from the JFTC to a 
requirement defined in the “Intellectual Property 
Strategic Program 2005[7],” the latest version 
of the series. The Program assigned the task to 
the JFTC, stating: “The formation and operation 
of patent pools are likely to raise the issue of 
violation of the Anti -Monopoly Act. For this 
reason, the Government of Japan will develop 
guidelines under the Anti-Monopoly Act by the 
end of FY2005.” Yet another point to note about 
the guidelines is their user-friendliness, including 
the provision of nine specific examples.
6 Incentives to license patents
Why do companies l icense their patents? 
As explained in the chapter, “2 Tragedy of 
Anticommons,” they cannot do business without 
l icensing. But, this is not the only reason. 
Companies are driven in the short term by the 
hope of reaping economic benefits, and in the 
long term by the strategic value of exerting an 
inf luence on market trends and maintaining 
competitiveness.
6-1 Short-term value of licensing
(1) Expectation of earnings from royalties
Suppose that a product can be produced using 
patented technologies separately owned by 
Companies A, B and C. Company A licenses its 
patented technology to Companies B and C in 
exchange for licenses from them. Royalties that 
the three parties pay to one another are offset by 
the payments they receive. In other words, each 
of the three is using the other two's patented 
technologies, free of charge. This relationship is 
shown in Table 3. 
If a company owns patents, it can exchange 
them with other companies’ patents. In Table 3, 
each party is using three patents by offering one 
patent. The economic value of this is equivalent 
to a three-fold improvement in R&D efficiency.
On the other hand, Company D and others 
without patents must pay a 1% royalty to each 
of the three patent owners. When a company 
tries to produce a product that meets consumer 
demands, such as satisfying the desire for a 
single drive capable of playing DVDs and CDs, it 
needs to adopt additional patented technologies, 
resulting in an increase in royalty payments. 
These payments add to the product cost and 
put the company at a disadvantage in market 
competition.
The royalties from Company D and others are 
divided among Companies A, B and C. The total 
amount can be exceptionally large. For example, 
the aggregate amount of royalties received by 
the DVD6C member companies can be roughly 
estimated as follows: The Japan Electronics and 
Information Technology Industries Association 
reported that the size of the global optical disk 
equipment market was 243.51 million units for 
2004[8]. On the assumption that the market is split 
50/50 between CD and DVD equipment and a 
$3.00 royalty is charged per unit, the DVD patent 
holders could collect as much as ¥40 billion in 
total. Furthermore, the Japan Recording-Media 
Industries Association forecasts that the global 
recordable DVD market will reach 2.4 billion 
disks in 2005[9]. This number multiplied by the 
royalty of $0.045 per disk equals ¥12 billion. The 
sum of the royalties for equipment and disks, ¥52 
billion, is shared among the DVD6C members. 
Each member company could receive something 
in the order of over ¥5 billion.
(2) Ease of establishing patent infringement
Establ i sh ing patent in f r ingement,  f rom 
gathering evidence to paying litigation expenses, 
is usually a very costly process, because the 
Table 3 : Effective royalties required for product sales
 (simplified example)
A B C
A 0% 0% 0%
B 0% 0% 0%
C 0% 0% 0%
D and others with no patents 1% 1% 1%
Receiver
Payer
Source: Prepared by the author
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suspected party always denies the allegation. 
However,  th i s  i s  not  the case with DV D 
technology. Companies selling products that 
comply with the international DVD standards 
cannot deny their use of patented technologies 
and therefore have no other choice but to pay 
royalties. This way, the owners of the patents 
essentia l to adoption of the standard can 
efficiently earn enormous amounts of money 
without waiting for the outcome of infringement 
litigation.
6-2 Strategic value of licensing
(1) Compatibility/interoperability and
 network externality
A common characteristic of MPEG -2, DVD 
and 3G mobile communications technologies is 
the importance of ensuring compatibility and 
interoperability between hardware products 
and between hardware and software. This also 
applies to such technologies as wireless LAN and 
the Internet.
A technolog y i s  wor th less  i f  ha rdware 
a nd  so f t wa re  produc t s  i ncor por a t i ng  i t  
cannot communicate with one another for 
interoperation. Since no single company can 
provide al l related hardware and sof tware 
exclusively, the only choice for companies is to 
take steps to develop commonly shared technical 
specifications with others. This is the primary 
reason that international standardization is so 
vigorously pursued in such sectors as electrical, 
electronics, and information and communications 
technologies.
Ensured compatibility expands the market. 
The DVD market could not have grown so large 
if the compatible media had varied from player 
to player. Likewise, the wireless LAN market 
continues to expand despite the existence 
of different standards: 802.11a, 11b and 11g. 
Consumers do not have to worry about choosing 
a particular standard when purchasing a wireless 
LAN product, because all hardware is designed 
to support all three standards by automatically 
switching from one to another.
When the user benefit increases nonlinearly 
with growth in the number of available hardware 
and software products, the phenomenon can be 
described as having “network externality.” Patent 
holders are forced to make a choice between 
two options. The first option is using the patent 
exclusively but restricting market growth; the 
second is licensing the patent to other companies 
in the hope of benefiting from market expansion 
based on network external ity. Most patent 
holders choose the second option.
(2) Weakening competitors’ motivation
 for R&D
As described in “2 Tragedy of Anticommons,” 
i f Company A’s technology, which is highly 
valued in the market, is patented, Company B as 
a follower must avoid that patented technology. 
However, Company B sti l l has a chance of 
challenging Company A’s dominance by creating 
a more attractive product through R&D in a 
different direction. Taking account of such a 
possibility, Company A should adopt a strategy 
for minimizing the risk of losing its current 
dominance and maintaining market leadership 
over the long term.
One way for Company A to weaken Company 
B’s motivation for R&D is to promise to license 
the patented technologies. This can relieve 
Company B of the need to develop alternative 
technologies. Once such a par tnersh ip is 
established, Company A can always be the first to 
introduce a new product onto the market, while 
having Company B follow suit after a given delay. 
If this situation continues, Company B becomes a 
“good follower” for Company A.
American companies, such as IBM, Cisco 
Systems and Microsoft, have expressed their 
willingness to grant their licenses to others on a 
non-discriminatory basis. In particular, Microsoft 
has begun entering into cross-license agreements 
with many Japanese firms. These trends can be 
regarded as strategies for creating good followers.
Simi lar strategies have been adopted by 
Japanese companies. The DVD6C and DVD3C 
members, most of which are Japanese, signed 
license agreements with Chinese DVD player 
manufacturers in 2002. This can be seen as an 
attempt to make Chinese manufacturers good 
followers and secure profits.
The product life cycle is short in the electrical, 
electronics, and information and communications 
technology industr ies. The f irst mover can 
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establish its brand name in the market, and 
the latecomer faces an uphill battle. Under this 
principle, companies can buy the time to enjoy 
first-mover advantage by granting licenses to 
others, even though this act may appear at first 
glance to benefit the rivals.
7 Coping with outsiders
Sometimes, fol lowing prol i ferat ion of a 
technology, an enterprise or individual outside 
the international standardization activity for the 
given technology may file a patent infringement 
suit against the technology adopters to demand 
royalty payments. This situation is known as the 
“outsider problem.” The ultimate purpose of such 
outsiders is not to prohibit manufacture and sale 
of the applicable product. They are motivated by 
the economic benefit explained in “6 Incentives 
to License Patents.”
I t  wou ld  be  idea l  i f  a  s t a nda rd i z a t ion  
organization could identify all related patents in 
the standard development stage. However, this is 
virtually impossible because patents are managed 
separately on a country basis, and thus the 
outsider problem persists. What measures should 
be taken to address this issue?
The best  solut ion i s  involv ing as  many 
organizat ions as possible in internat ional 
standardization activities so that the number 
of patents left outside the framework can be 
minimized.
Attracting a significant number of participants 
in forums is not an easy task when dozens 
of forums are operated concurrently for the 
internat iona l standardizat ion of mutua l ly 
competing technologies. For market leaders, 
pol it ica l sk i l ls in resolving such complex 
situations and organizing many others are 
essential. When interviewed about the outsider 
problem, an MPEG standardization member 
answered that, if an outsider emerged, they 
would take the aggressive stance of discussing 
among members the possibility of diminishing 
the influence of the outsider's patent. They can 
act aggressively because many leaders in video 
coding technology take part in MPEG activities. 
If a standardization group has a majority of the 
related patents under its control, outsiders’ 
patents are undermined, and the group will hold 
the advantage in negotiating with outsiders.
It takes political competence for a company 
to organize a large forum. The company must 
be able to negotiate with world leaders in the 
industry, boldly adopt other forum members’
technologies outside its own core technology 
area, and even initiate prenegotiations with 
associated parties, e.g. winning endorsement 
from content providers in the case of DVD 
tech nolog y.  Even  a f te r  such  a  for u m i s  
successfully established, the company needs to 
maintain its involvement as the forum founder 
through such activities as convening meetings 
and serving as chair.
On the other hand, outsiders also have rights 
that are protected by the Patent Law, and their 
demands for royalties on reasonable grounds 
cannot be ignored. The JFTC’s guidelines refer to 
this point, stating: “refusal by a patent holder to 
grant a license generally does not pose a problem 
under the Anti-Monopoly Act if the patent holder 
is not involved in specification development 
activities.” When even refusal is not a problem, no 
one can stop outsiders from demanding licensing 
fees.
Outsiders usual ly do not manufacture or 
sell hardware and/or software incorporating 
their patented technologies; that is to say, their 
patents are not for self-exploitation. This is why 
they are hardly visible and emerge so abruptly. 
If the inventor does exploit patents for itself, it 
can benefit from both exploitation results and 
royalties. This is not the case with outsiders 
because they can benefit only from royalties, a 
fact that drives them to set higher royalty rates. 
In industry- academia joint research projects, 
participants from academia usually demand 
from business participants compensation for 
non-exploitation. In such projects, participating 
universities usually do not commercially utilize 
the resulting patents. If project members from 
industry exploit the result, academic members 
are more likely to seek payment of a kind of 
royalty known as non-exploitation compensation, 
although this notion is not applicable to joint 
research between private enterprises. Outsiders’ 
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demands for higher royalties are analogous to this 
practice and are not unreasonable.
Article 93 of the Japanese Patent Law refers to 
“a ruling on granting of non-exclusive licenses in 
the public interest.” Application of this article is 
mentioned in the report[10] released in November 
2004 by the Working Group on Patent Strategic 
Plan of the Industrial Structure Council (“Issues 
Concerning the Smooth Exploitation of Patented 
Inventions”). The report states that Article 93 
shall apply when such licensing is “particularly 
necessary in areas directly related to people’s 
lives, including the protection of human life and 
property and the construction of public facilities,” 
or when “the non-granting of a non-exclusive 
license for a given patented invention impedes 
sound overall development of the related industry 
and subsequently has seriously adverse effects 
on people’s lives.” It is unlikely that inability 
to adopt a standard poses a threat to people’s 
lives and safety in such sectors as electrical, 
electronics, and information and communications 
technologies. Therefore, no one can usurp the 
rights of outsiders.
8 Conclusions and proposals
This article has so far explained that the 
exploitation of patents as licenses is becoming 
more common in electrical, electronics, and 
information and communications technology 
industries. Since establishment of the Intellectual 
Property Policy Headquarters, Japan has been 
paying growing attention to standardization 
activities and patent pools as approaches to the 
effective utilization of intellectual property. This 
is the right direction for a country that aims to 
become an intellectual property-based nation. 
The next goal of the Japanese government is 
to intensify its efforts to exploit intellectual 
property with emphasis on the following two 
aspects:
(1) Underscoring patent exploitation
 through the Intellectual Property
 Strategic Program
While the Intel lectual Property Strategic 
Program is aimed at underl ining creation, 
protection and exploitation of intel lectual 
property, it does not mention exploitation as 
frequently as creation and protection. More 
emphasis should be placed on the significance of 
exploitation, including the aspects discussed in 
this article.
(2) Improving the patent system
When a standard is associated with numerous 
patents,  it s  advocates face tough hurdles 
that must be surmounted before they can 
have it widely adopted. For example, their 
standardization activity can be hindered by 
both the need to form a patent pool, for which 
the negotiation of an agreement among patent 
holders is usually a cumbersome process, and 
the emergence of outsiders. What makes these 
problems more complex is that each country has 
its own patent system, and examines and assesses 
patent applications in line with that system. An 
ideal solution from the viewpoint of promoting 
standardizat ion is to improve the current 
scheme toward unifying patent examination 
organizations worldwide and introducing more 
rigorous assessment criteria to prevent too-easy 
approval of patents. Although this should be 
treated as a long-term political goal, it is worth 
considering.
Ma ny  o t her  n a t ion a l  gover n ment s  a re  
increasing thei r emphasis on intel lectua l 
property. They should also be aware of the 
par t icu la r  impor tance of  exploit at ion of  
intellectual property.
Government efforts are meaningless without 
due response from the private sector. Companies 
should take the following measures:
(1) Strategically exploiting patents as licenses
For a company that owns powerful patents, 
licensing them to others rather than using them 
exclusively, may seem to conflict with its own 
interest; in fact, this approach has strategic 
value. Japanese companies should take a serious 
step toward leading the market through the 
exploitation of patents as licenses. Stepping up 
efforts to acquire more patents is a prerequisite to 
achieving this goal.
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(2) Taking advantage of international
 standardization activities as political
 negotiations
International standardization activities can 
be a negotiation tool, but simply participating 
in such activit ies is not enough. Japanese 
companies should move proactively to make 
more fr iends and par tners and have thei r 
patented and non - patented technolog ies  
incorporated in standards. The draft of the 
JFTC’s guidelines stated that it poses a problem 
if “some of the participants guide the content of 
the specifications in their favor (or against the 
interests of specific parties) by unfairly taking 
advantage of the specification development 
procedures.” However, the expression “in 
their favor” has been deleted as a result of 
public review, in response to a trade group’s 
comment pointing out that “it was natural for any 
participants in standardization activities to try to 
have their proprietary technologies adopted in 
the specifications.”
International standardization activities are 
pol itical negotiations, and not a forum for 
assessing which technologies excel over others. 
Therefore, companies should delegate skilled 
negotiators to participate in such activities. 
They should also provide their employees with 
educational opportunities to improve negotiation 
skills[11].
(3) Exploring the possibility of forming
 patent pools
Since the formation of a patent pool involves 
signi f icant coordination costs, companies 
should not place too great an expectation on 
this approach. However, if the participants in 
a standardization activity come to recognize 
a patent pool as a future option, coordination 
may become easier. Companies should initiate 
negotiations with others for the creation of a 
patent pool if their future visions require such a 
facility. 
Abbreviations
•ANSI  Amer ican National Standards 
Institute
•CDMA Code Division Multiple Access
•DVD Digital Versatile Disc
•IEC   International Electrotechnical 
Commission
•IETF Internet Engineering Task Force
•ISO   International Organization for 
Standardization
•ITU-T  International Telecommunication 
U n i o n  Te l e c o m m u n i c a t i o n  
Standardization Sector
•MPEG Moving Picture Experts Group
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1      Introduction
Many people are concerned about the grisly 
injuries caused by landmines, and thus about 
demining activities. Because of exhaustive efforts, 
the number of landmine victims worldwide 
is on the decl ine. Despite th is,  however,  
landmines still kill or injure an estimated 10,000 
people around the world every year. Efforts to 
reduce the damage caused by landmines are 
notable for the involvement of the civic sector 
as wel l as government - related institutions. 
Since the Convention on the Prohibition of the 
Use, Stockpiling, Production and Transfer of 
Anti -Personnel Mines and on their Destruction 
(Ottawa Convention) went into effect in 1999, 
Japan has ha lted domest ic product ion of  
landmines, disposed of its stored landmines, and 
actively engaged in detection and removal of 
antipersonnel mines in affected countries such 
as Afghanistan and Cambodia. In addition, with 
the objective of making a tangible international 
contribution, the Ministry of Education, Culture, 
Sports, Science and Technology and the Ministry 
of Economy, Trade and Industry are carrying 
out research projects to develop scientific and 
technological approaches to humanitar ian 
landmine detection and removal[1]. Some of these 
projects have undergone testing and evaluation in 
affected countries and are now close to practical 
application. This report describes research 
trends in Japan and around the world related to 
humanitarian landmine detection and removal, as 
well as examples of the development of Japanese 
technology for antipersonnel mine detection.
2      Humanitarian demining
Landmines have been used as weapons to 
prevent the advance of armies since before World 
War I. In the deserts of Egypt, the site of fierce 
tank battles during World War II, over 23 million 
landmines remain buried more than 50 years after 
the end of that war. Used extensively in wars and 
conflicts since World War II, there are currently 
an estimated over 110 million landmines buried 
around the world. In countries were there have 
been fierce civil wars, such as Afghanistan, 
Cambodia, the former Yugoslavia, and several 
African nations, minefields were planted in 
areas where people live. Even after the end of 
conflicts, such minefields are a serious problem 
for residents and a major impediment to national 
reconstruction.
Countr ies a l l  over the world have been 
actively addressing the landmine issue since the 
1980s. The Convention on the Prohibition of 
the Use, Stockpiling, Production and Transfer of 
Anti -Personnel Mines and on their Destruction 
(Ottawa Convention) was signed in 1997. 
Subsequently, many other countries including 
Japan, joined it. The treaty came into effect in 
March 1999. As of July 2005, there were 153 
signatory countries, of which 145 have ratified, 
and 41 countries that were yet to sign[2]. In 
addition, many countries and international 
organizations are actively supporting demining in 
affected countries.
As domestic implementation mechanisms, 
Japan passed laws prohibiting the manufacture 
of antipersonnel mines and regulating their 
possession when the Ottawa Convention came 
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into effect in March 1999. Meanwhile, countries 
that have not signed the Ottawa Convention, 
including the USA, Russia, and China, have not 
renounced the use of landmines as defensive 
weapons. Some of the non-signatory countries 
feel they are not able to abandon the use of 
landmines as defensive weapons, or they cannot 
dispose of their antipersonnel mines within the 
10 years required by the treaty. The USA and 
some other countries, however, have developed 
“intelligent” landmines that will not detonate 
after a certain period of time or that indicate their 
positions by radio. These countries assert that 
this type of landmine will not cause problems 
after conf licts end. The Ottawa Convention 
does permit the possession of landmines for the 
development of detection, removal, and disposal 
technology and for training.
Landmines are weapons used to impede the 
advance of armies. Buried landmines explode 
in response to the pressure exerted when 
people or vehicles pass over them. In contrast 
to antitank mines designed to destroy vehicles, 
which are buried at a depth of about 50 cm and 
require around 50 kg of weight to trigger them, 
antipersonnel mines designed to injure and kill 
passing military personnel are buried at a depth 
of 10 cm or less and detonate under very light 
pressure. Antitank mines have a diameter of 
around 50 cm, while antipersonnel mines are 
only about 10 cm across. Figure 1 shows one 
type of antipersonnel mine, the PMN-2 of the 
former Soviet Union, which is found widely 
throughout Afghanistan. This mine has been 
deliberately detonated as part of demining work 
on antipersonnel mines.
Removal of mines from battlefields so that 
armies can pass is called “military demining.”
Since the only goal is for tanks and other vehicles 
to be able to pass safely, military demining is 
carried out only in specifically targeted sections 
of minefields, and the majority of mines are left 
behind. Furthermore, after wars and conflicts 
end, there are very few cases where armies have 
removed the landmines they buried themselves. 
In contrast to military demining, “humanitarian 
demining” aims to completely remove all mines 
after a conflict so that people can return and 
once more use former minefields as areas for 
housing, farming, and so on. Humanitarian 
antipersonnel demining clearly has different 
goals from military demining and uses somewhat 
different methods.
I n  Croat i a  a nd  ot her  cou nt r ie s  where  
post - conf lict demining has been eff iciently 
carried out, the number of inhabitants injured or 
killed by landmines has fallen sharply. However, 
where landmines have not been completely 
removed and where the ground has been 
contaminated or otherwise left unsuitable for 
cultivation by metal fragments or explosives left 
from demining activities, land use is curtailed 
and economic losses are becoming more serious. 
For most humanitarian demining activities, 
demining institutions organized by the United 
Nations in each affected country bring together 
local nongovernmental organizations, distribute 
ODA funds donated by supporting developed 
countries, allocate demining areas to the NGOs, 
provide technical support, and so on. Current 
humanitarian demining systematically determines 
priorities for the location of demining work by 
continuously seeking to balance the input of 
funds for demining with the economic effects 
that will result. The United Nations institution 
that carries out antipersonnel demining activities 
is the United Nations Mine Action Service 
(UNMAS)[3].
3      Technology to detect and
       remove landmines
T he  l a nd m i ne  de tec t ion  tech nolog ie s  
currently in practical use for the removal of 
buried landmines in affected countries are metal 
detectors and mine-detection dogs.
Meta l detectors ut i l i ze electromagnet ic 
Figure 1 : A Soviet PMN-2 after detonation
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induction by generating a signal at about 10 kHz 
to induce an eddy current in metals that produces 
a detectable secondary electromagnetic field. 
This is the same type of detector used for security 
screening at airports, to prevent contamination 
of food by metal objects, and so on. Because 
metal detectors have been utilized for many 
years to detect landmines, modern antipersonnel 
mines are made of plastic and use as little metal 
as possible. Even when the casing is plastic, 
there will be a small amount of metal in wires 
or springs in the detonator that triggers the TNT 
explosive. Metal detectors now used for landmine 
detection can find a 10 mg piece of metal in a 
plastic landmine buried about 10 cm deep with 
close to 100 percent accuracy.
Figure 2 shows demining work taking place on 
Bibi Mahro Hill in Afghanistan. An operator uses 
a metal detector to scan approximately one meter 
in every direction. When the operator hears a 
detection signal, she/he prods the ground with 
a wire-shaped probe. Even when a landmine is 
found, there is little danger of detonation if the 
probe touches it from the side, but the work is 
still very dangerous and demanding. Because 
the work is extremely nerve-wracking, workers 
operate in pairs, with one resting every 30 
minutes. They are limited to about five hours 
work per day, during which they can only cover 
about 50 m2. Even so, use of handheld metal 
detectors and prodding is highly adaptable even 
to sloping sites and is the most common method 
for detection and removal of antipersonnel mines. 
However, minefields are littered with unexploded 
shells, spent cartridges, shell fragments, and other 
bits of metal, all of which cause much stronger 
reactions in metal detectors than landmines do. 
The problem for landmine detection is, therefore, 
the development of  technolog y that  can 
distinguish landmines from other detected metal. 
Figure 2 shows Bibi Mahro Hill, where demining 
work began in October 2002. As of December 
2004, 277 landmines had been detected, while 
2,135 unexploded shel ls and 218,320 metal 
fragments had been removed.
The other landmine detection method that 
is as practical as metal detectors is the use of 
mine-detection dogs. Some of the TNT explosive 
used in landmines vaporizes and reaches the 
surface after passing through the ground. A dog’s 
sense of smell is powerful enough to detect tiny 
amounts of TNT ingredients, so dogs are used as a 
very reliable means of landmine detection.
NGOs operate large facilities in Afghanistan 
and elsewhere for training mine-detection dogs. 
There are usually over 100 mine-detection dogs 
actively working at any one time. However, 
mine-detection dogs consume a lot of time and 
money for training and care, and because dogs 
tire easily, their work hours are severely limited. 
Their use in landmine detection work is therefore 
not very efficient.
In addition to these technologies, landmine 
detection technology based on new principles is 
also in development. Of these new technologies, 
ground penetrating radar (GPR) is considered 
closest to practical appl ication, including 
application by Japan.
GPR uses approximately 1-GHz electromagnetic 
waves, which reflect off objects whether metal 
Figure 2 :  Manual demining work
 on Afghanistan’s Bibi Mahro Hill
Table 1 : Landmine detection methods
Method Target of detection
Time until practical 
application
Metal detectors (MD) Mine shape In use
Ground penetrating radar 
(GPR)
Mine shape Short
Infrared rays Mine shape In use
Dual sensors (MD + GPR) Mine shape Short
Mine-detection dogs Explosives In use
Scent sensors Explosives Long
Nuclear quadrupole resonance 
(NQR)
Explosives Long
Neutrons Explosives Long
24
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
25
Q U A R T E R L Y  R E V I E W  N o . 1 9  /  A p r i l  2 0 0 6
or non-metal, that are electrically different from 
their surroundings, to detect buried objects. 
Short-pulse electromagnetic waves of 1 ns or 
less are transmitted from an antenna on the 
surface, and another receiving antenna on the 
surface captures the electromagnetic waves that 
are reflected back from objects in the ground. 
Moving the transmitting and receiving antennas 
while receiving reflected waves allows an image 
of the cross-sectional structure of the ground to 
be created.
Common uses of GPR include locating pipelines 
buried under roads and exploring archaeological 
sites. Since it is also effective in finding plastic 
landmines, it is seen as a promising technology 
for landmine detection as well. Antipersonnel 
mines are small, and the electrical characteristics 
of plastic and TNT are similar to those of soil, so 
their radar echoes are much weaker than those of 
gas pipelines or other large objects. In addition, 
because landmines are buried at shallow depths, 
they can be confused with reflected waves from 
the surface, and clutter from uneven ground can 
conceal echoes from landmines. Furthermore, 
soil conditions vary by location due to soil quality, 
moisture content, and so on. Such factors prevent 
unmodified GPR equipment from being applied 
to the detection of antipersonnel mines, requiring 
new development. In recent years, however, some 
practical use of GPR has begun.
When landmines are on the surface or buried 
very shallowly, differences in the specific heat 
of materials means that changes in the ground’s 
surface temperature will cause mine temperature 
to differ from soil temperature. Thus, infrared 
cameras can be used to image temperature 
differences and detect landmines. Research 
on military applications of infrared landmine 
detection technology is already underway.
Metal detectors, GPR, and infrared cameras all 
detect landmines by looking at their shape. In 
contrast, methods such as mine-detection dogs 
that directly sense the explosives in landmines 
raise detection reliability and lower the rate of 
misidentification. Therefore, scent sensors that 
artificially reproduce the sense of smell possessed 
by mine-detection dogs, as well as measurement 
of h igh - energy gamma rays emitted when 
neutron irradiation of the nitrogen included in 
explosives causes a neutron capture reaction, are 
being examined as landmine detection methods. 
In addition, when irradiated with electromagnetic 
waves of a cer ta in frequency, the nuclear 
quadrupole moment of the nuclei of the nitrogen 
in explosives has an electrical field gradient 
that displays a form of absorption called nuclear 
quadrupole resonance (NQR) and transmits 
electromagnetic waves of a resonant frequency. 
Measurement of the characteristic resonant waves 
of substances enables landmines to be detected. 
Due to factors such as size and sensitivity, each 
of these methods for the direct detection of 
explosives will require more time and money 
before practical application.
In order to prevent secondary damage that 
could be caused by moving landmines, they 
are removed by detonating them in the ground 
where they are bur ied. I f done carelessly, 
however, this can scatter metal fragments 
around the area, impeding demining activities 
using metal detectors. In addition, soil can be 
contaminated, interfering with cultivation. 
Sandbags are therefore placed around landmines 
before detonation in order to prevent them from 
having an effect on the surrounding area. The 
United Nations institutions and other bodies 
have established strict protocols for landmine 
detection with metal detectors and demining 
through in - situ detonation. This has greatly 
reduced the danger of on-site work.
In contrast to manual demining work, another 
method is to drive construction vehicles such 
as bulldozers and cranes equipped with robust 
rotating devices across minefields in order to 
forcibly detonate the mines.
This so - called mechanical demining is also 
used in humanitarian demining. Mechanical 
demining is an efficient way to demine wide 
areas such as airports and it is safe because 
operators never come in contact with the mines. 
The machinery used for mechanical demining is 
already in practical use, and Japan is among the 
countries providing aid for demining machinery 
through ODA and other funds. Mechanical 
demining, however, leaves exploded fragments 
in the ground and may dislodge antipersonnel 
mines without detonating them, so 100-percent 
demining is difficult. This leaves the problem of 
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needing to carry out further landmine detection 
work even af ter completion of mechanical 
demining.
An examination of ways of using unmanned 
robots for removal work after landmines have 
been detected is underway, but there is less need 
for removal than for detection, so demand from 
NGOs is not strong.
4      Trends in global research
Landmine detection and removal technology 
is a lso being developed through mi l itar y 
research, but this report will discuss trends 
related to humanitarian demining, to which 
general researchers in Japan can make a direct 
contribution.
As described above, mechanical demining is 
already in practical use in various countries, and 
demining machinery is commercially available in 
Croatia and other countries.
Dur ing the 1990s,  the EU and the USA 
undertook major national projects on the use of 
ground penetrating radar for landmine detection. 
With the exception of the somewhat late-starting 
Japan, these landmine detection research projects 
had all finished by about 2002. All but a few 
ended at a stage just short of practical application.
In the USA, universities formed a consortium 
with the support of the Army to carry out 
coordinated research while avoiding redundancy 
on each technology. A unique method causing 
landmines to vibrate using a loud sound directed 
at the ground and detecting them with ground 
penetrating radar and laser strain meters was 
also developed. The military evaluated research 
resu lts at mi l itar y faci l it ies and provided 
feedback for technical development. In some 
cases, university researchers used equipment 
developed by the military to obtain data that they 
used in their research into disposal methods. 
Sometimes, however, university researchers were 
not informed of all experimental conditions, and 
in the end it was the military that evaluated the 
results.
In Europe, meanwhile, a group comprising 
u n ive r s i t i e s ,  n a t ion a l  l abor a tor ie s ,  a nd  
private-sector corporations carried out research 
with the support of the EU. Especially, it is 
a requirement for EU research funding for a 
research group to consist of several countries, 
so sensors were developed separately for 
subsequent integration into the completed 
system. Joint research spanning several countries 
is very worthwhile in the sense that it promotes 
interaction among universities and their students 
and researchers.
The subjects of this research and development 
in Europe and the USA are mainly the sensors 
described in Section 3 of this report, such as 
GPR, infrared, neutrons, NQR, and so on, as well 
as their integration into multi - sensor systems. 
Some systems combine two or more sensors for 
relatively large vehicles to allow simultaneous 
observation and detection. One result of this 
research is handheld “dual sensors” combining 
GPR and metal detectors, which workers operate 
manually. The US Army has begun putting them 
into practical use[4-6].
ODA and other funds are used to procure the 
landmine detection equipment, which is the 
outcome of this R&D, for demining activities 
in affected countries. Since several hundred 
units are procured at once, careful selection of 
equipment is important. In many cases, however, 
demining organizations in affected countries 
lack the suff icient technical knowledge for 
equipment selection. A number of factors, such 
as local soil conditions and climate, as well as 
the degree of skill of operators from demining 
organizations, can prevent a landmine detector’s 
full performance potential from being attained. 
International standards organizations that 
can provide technical advice and support are 
therefore a necessity.
One example is the International Test and 
Evaluation Program for Humanitarian Demining 
(ITEP)[7]. Belgium, Canada, the Netherlands, 
Sweden, the UK, the USA, Germany, and the EC 
formed this organization in 2000. Its purpose is 
to collect, evaluate, and disseminate technologies 
for humanitarian demining. In addition, the 
Geneva International Centre for Humanitarian 
D e m i n i n g  ( G I C H D ) [ 8 ] ,  w h i c h  s u p p o r t s  
Humanitarian Mine Action, is an independent 
institution formed by 18 countries. It carries out 
work support, research, and technical guidance 
for humanitarian demining activities.
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These organizations focus on metal detectors, 
wh ich a re widely used for  human ita r ian 
demining. They have evaluated the performance 
of various commercial metal detectors and 
created selection standards for metal detectors 
according to soil type. In addition, the United 
Nations has led the standardization of protocols 
for landmine detection methods using metal 
detectors. It keeps up with current research and 
development activities and plans to set technical 
standards for evaluating handheld “dual sensor” 
devices to ensure their efficient and effective 
application in demining activities.
I n  Japa n ,  deve lopment  o f  du a l - s ensor  
equipment is a major goal of the research project 
of the Japan Science and Technology Agency 
(JST). The level of development now conforms to 
international technical standards, and from now 
on JST will be actively engaged in the setting of 
such standards.
5      Research trends in Japan
Whether humanitarian antipersonnel demining 
activities strictly accord with the three statutory 
principles governing the export of weapons 
depends on a 1997 speech by the Deputy Vice 
Minister. This address confirmed that even if 
goods used to support landmine detection and 
other humanitarian antipersonnel demining 
activities include items that can be referred to as 
weapons, they do not violate the three principles 
governing the export of weapons. In Japan, 
humanitarian demining technical development 
carried out with the participation of universities 
and other bodies adheres to these principles.
A l o n g  w i t h  s i g n i n g  t h e  19 97  O t t a w a  
Convention, Japan expressed its support for 
aid for antipersonnel demining and landmine 
victims. Through international organizations, 
governments, NGOs, and so on, Japan already 
provides active suppor t for antipersonnel 
demining in Cambodia and other countries where 
landmines are buried. In Japan, the number of 
corporations, NGOs, and researchers engaged in 
research and development on relevant technology 
has increased.
In order for Japan to make a more active 
contr ibution to this sector, a course must 
be set for the research, development, and 
commercialization of demining technology and 
its provision through ODA to countries where 
landmines are buried. Since July 2000, relevant 
government agencies have been discussing 
pol icies aimed at supporting research and 
development into technologies related to the 
demining of antipersonnel mines in a liaison 
conference. In December 2000, the Ministry of 
Foreign Affairs, the Ministry of Education, Sports 
and Culture (now the Ministry of Education, 
Culture, Sports, Science and Technology), the 
Ministry of International Trade and Industry 
(now the Ministr y of Economy, Trade and 
Industry), the Japan Defense Agency, and the 
Science and Technology Agency (now the 
Ministry of Education, Culture, Sports, Science 
and Technology) published a report on “new 
initiatives on antipersonnel demining.” The report 
declared that the ministries would implement 
support for research and development of new 
technologies, including those for the demining of 
antipersonnel mines.
In add it ion,  the JST accepted research 
proposals from universities, research-oriented 
independent administrat ive agencies, and 
private-sector corporations, and since October 
2002 has been engaged in an R&D promotion 
project on humanitarian antipersonnel mine 
detection and demining technology as part 
of its project to promote strategic creative 
research[1]. This is based on “Promoting R&D 
for Humanitarian Demining” (May 2002), the 
report of the Ministry of Education, Culture, 
Sports, Science and Technology’s Committee of 
Experts on Humanitarian Demining Technology. 
The goals of the project are the development 
of new sensing technology combining sensor 
technology and robots, as well as access and 
control technologies. Since FY 2004, Research 
and Development for Supporting Humanitarian 
Demining of Anti-personnel Mines has been an 
independent JST project. Table 2 shows the topics 
covered.
Looking at this in more detail, in the short term 
there are six R&D projects set for completion in 
FY 2005. They include sensing technology that 
can safely and efficiently detect antipersonnel 
mines by distinguishing the relative differences 
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in the physical properties of mines and soil, 
remote-control access equipment that can safely 
and efficiently bring sensors and manipulators 
into minefields, and manipulator and control 
technology to operate that machinery.
In the medium term, research and development 
sets for completion in FY 2007 will focus on the 
explosives used in landmines. Three projects 
(as of April 2005) are developing technology 
for the safer and more efficient detection of 
antipersonnel mines. When JST presented the 
results of its short- term research topics at a 
meeting in March 2005, it was well attended by 
the representatives of international demining 
organizations engaged in Afghanistan, Croatia, 
and so forth.
Meanwhile, the Ministry of Economy, Trade and 
Industry provided support for research to develop 
landmine detection and demining technology 
from the perspectives of economic recovery and 
humanitarian aid in areas with buried landmines 
such as Afghanistan. This was done through 
an agenda - setting aid project (Technological 
Development for Underground Material Detection 
and Clearance) of the New Energy and Industrial 
Technology Development Organization (NEDO) 
during FY 2002 and 2003. This assistance was 
used to support R&D for six projects that were 
aiming to develop portable antipersonnel mine 
detectors, landmine detection vehicles, and 
demining machinery for antipersonnel mines.
Using new technology for humanitar ian 
landmine detection and demining developed 
with the support of the Ministry of Education, 
Culture, Sports, Science and Technology and the 
Ministry of Economy, Trade and Industry, the 
Ministry of Foreign Affairs[9] provided support for 
the Afghanistan Research Project for Developing 
Mine Clearance-related Equipment. The Japan 
International Cooperation System (JICS) carried 
out the project on behalf of the Department 
of Mine Clearance, Department of Disaster 
Preparedness of the Transitional Government 
of Afghanistan. Testing and evaluation of nine 
machines from seven groups decided through 
open bidding were carried out in minefields in 
Afghanistan from July 2004 through February 
2005. The machines included mechanica l 
demining machinery developed through the 
NEDO support project, which proved practical 
utilization. Adoption by Afghanistan, Cambodia, 
and other affected countries is expected.
6      R&D and practical
       application in a JST project
A s  a n  ex a mple  o f  J ap a ne s e  t ech n ic a l  
contributions to demining of antipersonnel 
mines, this section describes landmine detection 
technology developed at Tohoku University. This 
Table 2 : JST research and development topics
Development of compact landmine search vehicles (short term)
Development of wearable SAR-GPR for landmine detection Motoyuki Sato (Tohoku University)
Development of landmine search radar using reflected waves and transmittance waves
Ikuo Arai
(University of Electro-Communications)
Demining support by landmine search robots and unmanned disposal vehicles 
(Figure 7: Mine Hunter Vehicle)
Kenzo Nonami (Chiba University)
Development of large landmine search vehicles (short term)
Research and development of environmentally-responsive high-performance antipersonnel 
mine search systems
Toshio Fukuda (Nagoya University)
Research and development of access machinery for landmine search units Tomohiro Ikegami (Tadano Ltd.)
Other development (buggies equipped with remote-control arms, Mine Hand)
Development of mine-search and demining support systems using buggies, remote-control 
arms, etc. (Figure5: Gryphon)
Shigeo Hirose
(Tokyo Institute of Technology)
Medium-term research and development topics
Development of landmine search technology using micro electrical discharge neutron source Kiyoshi Yoshikawa (Kyoto University)
Development of advanced high-speed gamma ray analysis systems for mine searching Tetsuo Iguchi (Nagoya University)
Development of SQUID-NQR landmine chemical detection technology Hideo Itozaki (Osaka University)
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is one of the topics in the JST project[10-13].
As descr ibed above, a lthough landmine 
detection using only metal detectors is highly 
rel iable, work eff iciency is extremely low. 
Researchers at Tohoku University therefore 
developed the Advanced Landmine Imaging 
System (ALIS), which combines metal detectors 
with GPR in a dual-sensor system.
ALIS is a compact sensor system for use as a 
handheld landmine detector. Demining workers 
manually move their metal detectors back and 
forth over the ground, listening for the detectors’ 
response to locate the position of underground 
metal fragments. Unlike metal detectors, GPR can 
image the plastic casings of antipersonnel mines, 
thereby significantly reducing the number of 
misidentifications. Several systems that integrate 
GPR and metal detectors into the new dual-sensor 
ha nd held  s ys tems  have  been  deve loped  
internationally. With the exception of ALIS, 
however, handheld dual-sensor systems cannot 
track antenna position during measurement, 
which prevents them from utilizing GPR’s most 
important characteristic, the ability to image 
targets. ALIS solves this problem by equipping 
the sensor handle with a CCD camera to confirm 
sensor position in real time. This enables imaging 
of metal detectors and GPR signals so operators 
can determine landmine positions from the 
images.
Figure 3 shows ALIS in operation. The operator 
carries GPR equipment and a PC in a backpack. 
When the operator moves the sensor, its position 
appears in real time in a head-mounted display in 
the operator’s goggles. The operator can ascertain 
the position of the metal object and at the same 
time prevent gaps unobserved by sensors, thus 
preventing accidents.
ALIS is also notable in that its operating method 
is basically the same as that of conventional 
metal detectors. The operator stands in a safe 
area from which any landmines have already 
been cleared and scans approximately one 
meter in each direction to obtain data. After 
two or three minutes, the scan is complete and 
signal processing takes place and a GPR image is 
formed.
Figure 4 shows images generated by a metal 
detector and a GPR from ALIS. A buried landmine 
is clearly depicted. The metal detector uses a 
differential sensor where symmetrical responses 
to the right and left of a metal object appear, 
with the object located where the signal is zero. 
With GPR, the round shape of landmines can be 
seen directly. The ALIS metal detector sensor and 
GPR antenna are separate, so in Figure 4 their 
positions are about 20 cm apart.
The three-dimensional structure of the ground 
can be determined from the images, enabling 
the position of any landmines to be confirmed. 
Figure 3 : Testing and evaluation of ALIS
 on Bibi Mahro Hill, Afghanistan
Figure 4 : Typical ALIS detection images CDS site in Afghanistan. The target is an inactive PMN-2 landmine.
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Operators basically perform the same scan as 
with conventional equipment, but the addition 
of images to the audio signal increases reliability. 
In effect, the operator is not working with a new 
method, but instead is obtaining additional data 
while carrying out the same work. This enables 
reliability to be maintained while efficiency is 
enhanced.
A major  goa l  of  Japanese research and 
development is landmine detection technology 
that adds technology for access and control 
with robots and unmanned vehicles to sensing 
technology. The JST project has therefore 
developed a vehicle equipped with landmine 
detection sensors and a robot arm for scanning. 
Loading ALIS on an unmanned vehicle equipped 
with a robot arm can make work more efficient. 
Figure 5 shows Gryphon, a buggy developed as a 
JST project, equipped with ALIS.
In addition, larger robot arms enable the use 
of larger, higher-performance sensors. ALIS uses 
broadband GPR and migration to control the 
clutter that causes problems with GPR landmine 
detection, but SAR-GPR is a higher-performance 
system for equipment with robot arms.
SAR- GPR uses an array antenna for clutter 
removal. The Vivaldi antenna newly developed 
for ef f icient broadband performance has a 
frequency range from 10 MHz to 4 GHz, and 
its flat shape makes it easy to fabricate and to 
position in an array. Clutter is random signals 
sent to the antenna, while, in contrast, reflection 
f rom ar t i f icia l  objects such as landmines 
has a strong spatial correlation. Therefore, a 
signal -processing algorithm was developed 
to combine CMP stacking and migration that 
superimpose correlated reflected signals from 
landmines while changing the position of the 
sending and receiving antennas. Figure 6 shows 
three-dimensional SAR-GPR imaging of a buried 
landmine. Figure 6 (a) shows raw radar data 
obtained by SAR-GPR, while Figure 6 (b) shows 
the same data after signal processing. In Figure 
6 (b), there is a clear separation between the 
surface of the ground and the buried landmine, 
while in Figure 6 (a) they form an indistinct mass 
and cannot be distinguished from one another.
SAR - GPR radar equipment itsel f ut i l izes 
a vector network analyzer, which is a type 
of h igh - f requency measur ing instrument. 
Commercial ly avai lable, general use vector 
network analyzers weigh more than 30 kg 
and are precision instruments unsuited for 
outdoor use, but a 1.5 -kg board - type vector 
network analyzer has been newly developed. 
As a measuring instrument, this vector network 
analyzer is suitable for broadband high-frequency 
measurement. Its expected future applications 
include not only GPR for landmine detection, 
but also use in the development, research, 
and maintenance of communicat ions and 
Figure 5 : The compact buggy Gryphon
 (Tokyo Institute of Technology) equipped
 with ALIS (Tohoku University)
Figure 6 : Three-dimensional GPR image of buried landmine from SAR-GPR (Tohoku University)
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information technology devices. Figure 7 shows 
the completed SAR-GPR mounted on the compact 
Mine Hunter vehicle developed by the JST 
project. The SAR-GPR is packed in a case at the 
end of the arm. Including antennas, it weighs 17 
kg. This rig has six transmitting and receiving 
antennas and three vector network analyzers.
In advance of on-site testing of SAR-GPR in 
affected countries, JST carried out domestic 
evaluation and testing with measurement tests 
in Sakaide, Kagawa Prefecture in February and 
March 2005. After testing in calibration lanes 
where the position and shape of buried mock 
landmines was known in advance, testing was 
carried out in blind lanes where the position of 
buried landmines was unknown.
Figure 8 shows an example of data obtained 
from the blind lane and the results of landmine 
position determination. The chart shows images 
from (a) metal detectors and (b) horizontal GPR 
images at three depths. Finally, (c) shows where 
landmines were judged to exist. The results 
suggest that metal detectors can find landmines 
buried shallowly, but not those buried at a depth 
of about 20 cm. However, GPR successfully 
detected landmines buried about 20 cm deep, 
proving the effectiveness of dual sensors. Except 
where a pair of landmines buried about 15 cm 
deep were in close proximity to one another and 
were judged to be a single mine, all landmines 
were detected. The rate of false positives was also 
low.
7      Evaluation and testing
       in affected countries
How well technologies will work in the field 
is an extremely important question in landmine 
detection. Devices supported by ODA and other 
funds should not be thrust upon users, but should 
actually be useful in the field. On-site testing and 
evaluation are necessary before workers in the 
field will accept new equipment.
This section wil l describe on - site testing 
and evaluation of ALIS conducted by Tohoku 
University in Kabul, the capital of Afghanistan, 
in December 2004. The testing and evaluation 
were performed by JICS as ODA, part of the 
Afghanistan Research Project for Developing 
Mine Clearance-related Equipment. In addition 
Figure 7 :  A compact Mine Hunter Vehicle
 (Chiba University) equipped with SAR-GPR
 (Tohoku University)
Figure 8 : Detection results for SAR-GPR (Tohoku University) (Testing at JST in Sakaide, Japan)
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to ALIS, another vehicle-mounted single-sensor 
landmine detector was also tested.
Tests were carried out in two locations in 
Kabul. The first was a JICS test site in the Central 
Demolition Site (CDS), a facility for disposing of 
landmines and unexploded shells by detonating 
them. Part of the detection testing was carried 
out with real but deactivated landmines that 
could not explode because their detonators had 
been removed. The site where real landmines 
were buried was under 24 -hour guard. The 
second location was Bibi Mahro Hill, where actual 
demining was being carried out.
At the CDS, two kinds of antipersonnel mines 
commonly found in Afghanistan, the Type 72 
and the PMN-2, were buried in different soil 
conditions and depths for calibration tests to 
evaluate detection performance. The soil at 
the CDS is relatively homogenous, but it still 
has enough irregularities to cause considerable 
clutter. This testing showed that the limit for 
landmine detection with metal detectors was 
a depth of about 15 cm, while GPR was able to 
detect landmines to a depth of about 20 cm. In 
addition, while metal fragments caused metal 
detectors to react, they did not show up clearly 
on GPR images, demonstrating that landmines 
and fragments can be distinguished from each 
other. Figure 4 shows a deactivated PMN -2 
landmine buried at a depth of 10 cm. Both the 
metal detector and GPR provide a clear image. 
Next, blind tests where the type and position of 
the buried objects were not revealed in advance 
were performed under conditions close to those 
of actual landmine detection work. These tests 
showed that ALIS responses to metal fragments 
and landmines were clearly different, so that 
they could be distinguished from one another in 
practical use. At the CDS, JICS also performed 
testing and evaluation of mechanical clearance 
methods at the same time as the landmine 
detection tests.
Next, testing under conditions very close to 
actual demining was carried out at Bibi Mahro 
Hill, where NGOs were performing demining 
work. Bibi Mahro Hill is a small hill overlooking 
the city of Kabul and Kabul Airport. In the 1980s, 
the former Soviet Army had a missile base there. 
The soil there is extremely irregular. The ground 
is covered with vegetation, and the soil contains a 
lot of gravel and many pieces of wood and metal. 
In addition, as can be seen in Figures 2 and 3, the 
ground is sloping. The landmines were buried in 
straight lines to keep intruders out of the base, 
but over the ensuing 20 years, almost all the 
mines have shifted along with the ground due 
to rain and other natural forces. They are now 
scattered at random, sometimes even resting on 
top of the vegetation. Areas where demining is 
complete and those that have yet to be cleared are 
demarcated by stones painted red and white so 
that demining workers can distinguish safe areas. 
During the testing, this author witnessed a child 
chase a dog into the demining work area. The 
child left the area unharmed, but the incident 
drove home once again the danger of minefields 
located next to residential areas.
For safety reasons, mock landmines in the 
shape of the PMN-2’s plastic casing with injected 
TNT were buried along with metal fragments 
in an area known to be clear of landmines. ALIS 
testing and evaluation were then carried out. 
Figure 9 (a) shows metal detector images. Figure 
9 (a) shows several metal detector responses, 
while Figure 9 (b) shows that there was only one 
response in the GPR image. This enabled the 
single landmine to be distinguished from several 
metal fragments in that location.
True evaluation of landmine detection sensors 
is impossible unless testing takes place with 
actual landmines in ground where real detection 
is underway. In Japan, it is extremely difficult 
to accurately reproduce soil in terms not only 
of soil components, but also of moisture and 
temperature, and to replicate work environments. 
In addition, there are many problems with mock 
landmines. Although the shapes and internal 
structures of landmines are public knowledge, 
the actual internal structures are very difficult to 
reproduce. This problem also confronts Europe 
and the USA. There is no better evaluation 
method than the use of real landmines. This 
testing and evaluation can only be realized 
through international cooperation.
F o l l o w i n g  t e s t i n g  a n d  e v a l u a t i o n  i n  
Afghanistan, ALIS demonstration tests were 
carried out in Italy and Sweden in order to 
undergo ITEP evaluation. In addition, validation 
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tests were carried out in affected countries 
such as Croatia and Egypt. In these tests, ALIS 
operation was explained to technical staff from 
United Nations institutions, demining workers. 
They provided a wealth of advice regarding 
improvements needed for use in real -world 
demining. These validation tests are extremely 
important in order to generate reliable feedback 
that can then be used to develop even better 
systems.
T he  J ST  pro jec t  i s  t hu s  p l a n n i ng  a nd  
implementing testing in affected countries during 
FY 2005 to verify research results.
8      Future prospects
Landm i ne detec t ion tech nolog y i s  the  
tech nolog y that  one hopes  wi l l  become 
unnecessary within a few years as demining 
work proceeds. In the meantime, however, 
there is a strong demand for equipment with 
greater reliability, efficiency, and operability, 
as wel l as lower prices. The provision and 
operation of landmine detection equipment is 
largely dependent on ODA and other funds, so 
ordinary corporations find its commercialization 
problemat ic.  Therefore,  development by 
non -profit universities and public research 
institutions as an act of international contribution 
has been preferable.
Wor ldw ide ,  g rou nd  penet r a t i ng  r ad a r  
development projects run by universities and 
public research institutions have largely been 
completed and some of their results are now 
moving towards application fol lowing f ield 
testing and evaluation.
In addition, this is a time when research results 
can be applied not only to landmine detection, 
but also to other applications requiring new 
sensor technologies. Therefore, leading research 
groups that have carried out landmine detection 
research in Japan, the USA and European 
countr ies are planning to bui ld a research 
network. This continued research means that 
landmine detection technology may also be 
able to make major international technological 
contributions to environmental monitoring as 
well as in other areas.
Furthermore, because landmine detection 
technology is shallow ground measurement 
t ech nolog y  u s ed  i n  ex t remely  d i f f i c u l t  
envi ronments, the technica l development 
standards are very high. There are potential 
appl ications of underground measurement 
technology currently being studied that will help 
to safeguard society. These applications include 
lifeline maintenance engineering for gas and 
water pipelines, communications and electrical 
cables, addressing soi l pol lution and other 
environmental problems, disaster prevention, 
and other sa fety measures. The advanced 
technology obtained through work on landmine 
detection can thus provide many opportunities to 
contribute to safety in various applied fields.
This report examined humanitarian landmine 
detection technology in the area of public 
research and development for a highly specific 
purpose. In addition to meeting its original 
goals, the accumulated results of this technical 
development  shou ld  be  d i s sem i nated to  
general-purpose and applied fields. The research 
conducted in this field can become a model 
for the widespread application of research and 
development results throughout society.
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3
Trends in Services Sciences in Japan and Abroad
KAZUYOSHI HIDAKA
Affiliated Fellow
1 Introduction
American and European universities are taking 
a new approach to services. By regarding services 
as part of science and applying scientific methods 
to solve problems associated with services, they 
intend to increase productivity and bring about 
innovations in services, thereby invigorating the 
economy. This emerging academic discipline 
is called “Services Sciences, Management and 
Engineering,” or simply “Services Sciences.” The 
services here refer to the interactive process of 
creating economic values between the service 
provider and the user, and include not only the 
service industry as a tertiary industry but also 
the service business in the manufacturing sector. 
This article explains how services sciences have 
developed (Chapter 2), what services sciences 
are (Chapter 3), services sciences in European 
and American universities (Chapter 4), and the 
current status of this field of research in Japan 
(Chapter 5), followed by a conclusion (Chapter 6).
2 Background
2-1 U.S. investment in service research
 as a national strategy
The U.S. Council on Competitiveness published 
a report (commonly known as the “Palmisano 
Report”[1]) in December 2004 that emphasizes 
the importance of national innovation strategy 
from the three perspectives of human resources, 
investment and infrastructure. Based on an 
analysis of the current position of the U.S., the 
report cites, as the reasons that the country needs 
innovation, threats from other countries as a 
result of globalization, a slowdown in research 
in science and technology, and delays in smooth 
technology transfer to the manufacturing sector. 
It also points out the service sector’s lack of 
research investment in innovative business 
process design, organization and management, 
despite services’ major contribution to the 
economy. To put it simply, a factor behind this 
report is a perception that research investment 
in services should be addressed as part of U.S. 
national strategy. The report triggered a move 
toward integrating many recent approaches to 
services in academia into the term “services 
sciences.”
2-2 Development of the service economy
What k ind of role are ser vices g iven in 
the global economy? Nowadays, services are 
increasingly important to the economy. This is 
evident from two facts: the service industry has 
grown significantly, and even companies that fall 
outside of the service industry are more and more 
reliant on “service-based business.” 
(1) Development of the service industry
Trends in the working population by industry 
demonstrate that the workforce in the service 
industry has increased sharply worldwide. Figure 
1 shows the change in the working population 
in the world's top 10 countries by workforce 
size over the past two centuries[2]. In developed 
countries, mainly in Europe and North America, 
the work ing populat ion in the secondar y 
(manufacturing) industry increased sharply over 
the periods of the First Industrial Revolution, 
which was ushered in by the improvement of 
spinning machines in England in the late 18th 
century, and the Second Industrial Revolution, 
which took place as a result of the increased use 
of oil and electricity in the late 19th century. 
However, by the middle of the 20th century, 
36
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
37
Q U A R T E R L Y  R E V I E W  N o . 1 9  /  A p r i l  2 0 0 6
the service industry had gained momentum in 
these countries. Unlike Western countries, newly 
industrializing countries, such as China and India, 
are shifting directly from the age of agriculture 
to that of services, without experiencing a period 
of surge in secondary- industry workforce. In 
Japan, the workforce in the service industry 
has grown as much as, or greater than, that in 
the manufacturing industry since the postwar 
high-growth period.
Figure 2 shows Japan’s  g ross  domest ic  
product by economic act iv it y.  The graph 
demonstrates that the service industry exceeds 
the manufacturing industry in not only the 
contribution to the gross domestic product, but 
also the growth rate. Figure 3 shows the trend 
in Japan’s workforce size by economic activity. 
According to this graph, the workforce in the 
service industry continues to increase despite 
a decline in the total workforce since 1998. 
“Service industry” here refers in a broad sense 
to that defined by the Japan Standard Industrial 
Classification set by the Ministry of Internal 
Affairs and Communications (Figure 4), which is 
also known as tertiary industry.
(2)  Growth of services in the manufacturing
 industry
Next, let us examine how services have grown 
in the manufacturing industry.
Figure 5 shows changes in annual sa les 
between 2002 and 2004 for the U.S. firms IBM 
Figure 1 : Growth of the service industry in major developed countries 
Source : http://www.nationmaster.com
Figure 2 : Japan’s gross domestic product
 by economic activity
Source: Annual Report on National Accounts (the Cabinet Office, 
Government of Japan) [3]
Figure 3 : Japan’s workforce by economic activity
Source: Annual Report on National Accounts (the Cabinet Office, 
Government of Japan) [3]
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and General Electric. The contribution by services 
increased for both companies. In particular, 
services came to account for over 50% of IBM’s 
sales in 2004, exceeding the combined sales of 
hardware and software. These services include 
systems construction, consult ing, systems 
integration, outsourcing, maintenance, and 
support services. For General Electric, the sum of 
the top two sections of the bar (“GECS revenues 
from services” and “Sales of services”) is assumed 
to represent service-related sales.
The manufacturing industry is undergoing 
a major transition to services, not just in sales 
but also in business structure. B. Van Looy 
et al.’s “Services Management”[6] provides in 
Chapter 3 a detailed explanation of the recent 
transformation of business strategy in the 
manufacturing industry from the perspective 
of business structure. This literature describes 
manufacturers’ transition from “manufacturing 
and supplying goods alone” to “providing goods 
together with added values” and eventually to 
“promoting service business strategy.” Providing 
goods together with added values refers to 
combining products with maintenance, usage 
assistance, information provision, support 
for user communities, and other services that 
increase customer values. Promoting service 
business strategy represents extending the 
scope of service to support and maintain even 
competitors’ products, in a quest to broaden 
the service business from the viewpoint of 
customer value orientation. This move toward 
more extensive, customer - oriented services 
Figure 4 : Classification of the service industry by the Japan Standard Industrial Classification
 (the Ministry of Internal Affairs and Communications) 
Figure 5 : The contribution of services to sales at IBM and GE
Source: Consolidated financial statements, IBM, 2005 [4],  Statement of Earnings, General Electric, 2005 [5]
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has become common in many manufacturing 
industr ies,  i nclud ing those that  produce 
automobi les and electr ica l and electronic 
products.
The above d iscussion suggests that the 
importance of services to companies in the global 
economy is rapidly increasing, both quantitatively 
and qualitatively, in manufacturing and service 
industries alike.
2-3 Factors behind development
 of the service economy
There are several reasons for the development 
of the service economy: With increased personal 
incomes, people are more willing to pay to have 
their chores done by somebody else; the growth 
of dual-income families and an aging population 
have led to the emergence of new assistance 
businesses; technological development, such as 
advances in the Internet and communications 
technologies, has dramatically changed the 
qual ity and quantity of avai lable services ; 
introduction of advanced products has sharply 
increased demand for support and maintenance; 
and companies have begun outsourcing business 
processes as a result of consolidation of their 
business sectors into components for selection 
and concentration on core competence[6].
From a broader perspective, some experts 
argue that the reason for service economy 
development is a transition from an economy 
that centers on the ownership and trade of land 
and natural resources to one that is driven by 
knowledge, skills and other human assets. This 
argument is described in detail by S.L. Vargo, R.F. 
Lusch et al. in “Evolving New Dominant Logic for 
Marketing”[8].
3 Services sciences
3-1 The definition, characteristics and
 issues of services
As mentioned in Chapter 2, there are two 
types of services: services constituting tertiary 
industry and services in manufacturing industry. 
Although many experts have attempted to define 
services by addressing the essence of services 
as an economic activity so that the definition 
can apply to both types of services and cover 
diverse tasks in the service industry, none of their 
definitions have gained general approval. Table 1 
lists examples of these definitions.
Likewise, many researchers have taken diverse 
approaches to characterizing services[2, 6 -9], and 
their research papers commonly cite intangibility, 
simultaneity and heterogeneity. They point 
out that these characteristics of services are 
attributable to difficulties that are nonexistent in 
product-based economic activities.
“Intangibility” refers to the state whereby 
the things to be provided as a result of the 
provider’s activities are effects that are unable 
to be physically handled. This translates into the 
economic value of the provided things being 
less concrete than that of tangible products. 
As a consequence, it is more difficult to price 
and manage services, def ine and measure 
productivity, and evaluate quality in order to be 
accountable to users.
“Simultaneity” implies that production and 
consumption are interactive and concurrent 
processes. For example, medical practice and 
education are services that primarily consist 
of personal communication. Such economic 
activities require the simultaneous involvement 
of the provider and the user of the service, such 
as a doctor’s diagnosis concurrent with a patient’s 
consultation, and a teacher’s guidance concurrent 
with a student’s learning. In this model, unlike 
that in which a product is made and subsequently 
delivered to the user, the user is part of the 
economic activity, and the reliance on users or 
consumers is significant. This raises the issue of 
how to improve the user’s capacity to effectively 
use services. In other words, the service provider 
needs to consider user-side innovation (demand 
Table 1 : Definitions of services [9,16]
• An activity or series of activities provided as a solution to customer problems (Gronroos, 1990) 
• All economic activity whose output is not physical product or construction (Brian et al, 1987)
• Intangible and perishable… created and used simultaneously (Sasser et al, 1978)
• A time-perishable, intangible experience performed for a customer acting in the role of co-producer (Fitzsimmons, 2001)
• A change in condition or state of an economic entity (or thing) caused by another (Hill, 1977) 
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innovation) as wel l as its own innovation. 
Simultaneity causes another problem: inability 
to inspect the quality of services before they 
are delivered to users. Furthermore, the need 
for simultaneous existence of the producer 
and the user can make geographical distance 
a key factor. In this regard, companies that 
pursue globalization to strengthen their price 
competitiveness should address services from 
a different perspective than that applied with 
respect to products.
“Heterogeneity” refers to the idea that the 
same services can have different effects and elicit 
different responses, depending on the provider, 
the place of provision, and the user's mental state 
and environment. This underlines the importance 
of improving the quality of the front end, i.e., 
those who directly interact with users. However, 
being heterogeneous also implies the possibility 
of differentiation. Depending on the types of 
services, companies should decide which model 
to pursue: one for providing standard, uniform 
services or another aimed at differentiation.
3-2 Services sciences
(1) The targets of services sciences
Services sciences have three objectives. First, 
to provide methods for scientifically analyzing 
services, eff iciently managing services, and 
maximizing the productivity of services through 
engineered production processes. Second, to 
solve problems arising from the characteristics 
of services that were discussed in Section 3 -1, 
and consequently to improve productivity. 
Third, to explore a framework for systematically 
developing innovation. The research division 
of  I BM,  wh ich or ig i nated th i s  academ ic 
discipline, uses the term “services sciences” to 
refer to “Services Sciences, Management, and 
Engineering.” The services referred to include 
both the service industry and services in the 
manufacturing industry.
Japan’s  h igh post war g row th has  been 
dependent on an economy in which people 
produce goods and sell them. However, a parallel 
economic stream that provides services and 
pursues values has grown to the point where it 
accounts for an essential proportion of both the 
global and the Japanese economies.
In other words, stimulation of the service 
economy can contribute significantly to global 
and Japanese economic revitalization. Experts 
agree that services sciences should be promoted 
as a framework for systematically addressing 
stimulation of the service economy.
(2) Research issues in services sciences
What should be researched in services sciences 
is still under debate and thus remains largely 
undefined. The most important issue at this point 
may be deciding what to research in order to 
improve productivity and enable innovation in 
services. However, there are several emerging 
topics in the field of services sciences.
(A) Service innovation management
A major research issue is searching for methods 
of systematically creating innovation in services 
to improve service productivity and of developing 
new business seeds, and proposing practical 
applications for such methodologies. Seeking 
innovation in business processes through which 
services are actually provided is another key 
issue. This will include research into legislation 
because dynamic changes in business processes 
and the advent of unconventional business 
processes are expected.
(B) Technology to improve service efficiency
Clarifying the role of technology in services 
is considered to be a major research issue. This 
consists of two aspects: how to exploit existing 
technologies, and what kinds of new technologies 
wil l be needed. For example, research into 
technologies such as ubiquitous computing, 
robotics and networks should originate from 
awareness of the service context, i.e., how 
people use a given technology, rather than follow 
conventional technology-driven development 
models. Resulting technologies are expected to 
become key elements of services.
(C) Setting the price of services
Since services are intangible and vaguely 
defined, their values tend to be determined 
from the user’s point of view. This makes the 
pricing of services more diff icult than that 
of products, whose performance is explicitly 
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defined by physical and objective specifications. 
For this reason, establishing a pricing method 
that is convincing for both the provider and the 
user is essential. Research should be conducted 
on methodologies and tools to dynamically 
price services, based on information from the 
market, users and competitors. At the same 
time, research is also needed on how to quantify 
(digitize) personal feelings and relate them to 
mathematics and economics. This is because the 
final value of services is assessed in relation to 
the user’s satisfaction, and this highly subjective 
factor needs to be incorporated into the pricing 
model.
(D) Measuring productivity in services
Defining the productivity of services is a 
chal lenging task because services produce 
intangible output and therefore it is often difficult 
to identify what has been produced. Research is 
needed on models and methods to quantify the 
effects of services and estimate the investment 
that has actually been made to implement the 
applicable services.
(E) Testing services
Since the production and consumption of 
services tend to be simultaneous, their effects 
cannot be tested before consumption. If the 
positive and negative effects associated with 
services can be projected by computer simulation 
or other technologies, services of higher quality 
may be provided. The development of prior 
testing methods to improve service quality is a 
prospective research issue.
(F) Risk management for service projects
Construction of information systems is a critical 
service in today’s society, but managing such 
projects has become extremely difficult because 
of advanced and complex technology, diverse 
and complicated user demands, and intensifying 
market competition. Research to predict and 
resolve project risks, the most serious threat 
in managing such strenuous service projects, 
through collective application of mathematics, 
organization theory, human science, economics 
and other disciplines, is recognized as a concrete 
research issue in services sciences.
(G)  Methodologies and tools to improve quality 
and efficiency in business services
 (Business process modeling)
To improve business services in terms of both 
quality and efficiency, a scientific framework is 
necessary in order to comprehensively analyze 
the business operations of the company or office 
for which services are provided. One example of 
such a framework is a technique that divides a 
company’s overall operations into components, 
with no overlaps or omissions, and formulates the 
workflow between individual components. This 
technique applies a component technology used 
in software development and splits a business 
model into components in order to express it as 
a model. This serves as a tool for determining 
the components to which services should be 
directed for greater effectiveness and what kind 
of impact services will have on key performance 
indicators (KPI). Such business process modeling 
is expected to become increasingly important as a 
research area.
(H) Operations research (OR) and
 total optimization
Operat ions  resea rch (OR) i s  a  f ie ld  of  
research that originated in the U.S. and the 
U.K. during the Second World War in the quest 
for improved efficiency of military operations. 
Today, it is utilized as a branch of management 
science for identifying objective grounds for 
decision-making, and provides many tools for 
real izing mathematical precision. Although 
OR i s  considered to be a key element of  
services sciences, services usual ly include 
many components that cannot be expressed as 
mathematically precise models and thus cannot 
be solved by OR. Some such components involve 
human factors while others are associated with 
social or business practice and regulations. 
An important research issue in this regard 
is methodology to optimize al l the service 
components, including those that can be solved 
by OR-based mathematical models and those that 
are closely linked to humans or society/business.
(I) Computational organization theory
The economic value of services is highly 
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dependent on humans. Given that a company is 
driven by an organization consisting of humans, 
this translates into the concept that the economic 
va lue of ser v ices i s  h igh ly dependent on 
organizational behavior. Therefore, it is essential 
in discussing service productivity and quality 
to study a framework for scientific analysis of 
organizational behavior on both provider and 
user sides. An emerging approach to this need 
is computational organization theory, an area 
of research that uses computers to simulate 
organizations and examines organizational 
per formance. This area is h ighly l ikely to 
continue developing in services sciences.
(3) Services sciences as knowledge integration
A comprehensive review of the key research 
issues listed in the previous section leads to the 
following findings concerning potential core 
academic disciplines of services sciences:
•  Mathemat ics  a ssumes a major role in 
model ing the rea l world and der iv ing 
solutions. 
•  Information science assumes a major role of 
providing tools for collecting, accumulating 
and analyzing data for real-world assessment.
•  Social sciences, such as economics, law 
and organization theory, are essential for 
acquiring real-world knowledge.
•  There is a need for an academic discipline to 
deepen our understanding of humans, for the 
purpose of analyzing personal satisfaction 
and other feelings.
•  Practical business knowledge and experience 
must be harnessed adequately.
A new knowledge structure to integrate these 
academic disciplines and findings is needed, and 
this is exactly what services sciences provide.
In summary, services sciences are significant 
in that they are aimed at creating innovation 
in services by fusing all the knowledge and 
methodology derived from business, natural 
sciences, engineering, and social sciences, 
as well as the demand - side (consumer- side) 
innovations explained in Section 3 -1 (see 
Figure 6). Services sciences are, in effect, a 
“multidisciplinary” discipline, and American and 
European universities are already considering 
the introduction of curricula in line with these 
requirements.
4 Progress of services sciences
 in American and
 European universities
Some American and European universities 
a l ready recognize services sciences as an 
academic discipline and teach them as part of 
their curricula[10].
Table 2 lists overseas research organizations 
related to services sciences. Naturally, many 
of them are in the U.S. and the U.K., where 
university education is advanced, but some are 
in Scandinavia, where interest in social systems 
is traditionally strong; China, which has a rapidly 
developing economy; Singapore; and other parts 
of Asia.
Table 3 shows part of the curriculum[11] for the 
Operation Research and Management Science 
major at the University of California, Berkeley, 
in the U.S. This curriculum is designed to teach 
multiple fields of study, such as economics, 
mathematics, praxeology, accounting, sociology, 
and mathematical programming, in an integrated 
manner, and is close to the objective of services 
sciences.
Table 4 shows the curriculum[12] for service 
operations management at the business school 
of the University of Texas. The curriculum not 
only covers the services’ economic, sociological 
and business aspects, such as management and 
development, but also includes methodologies 
in applied mathematics and operations research 
that are essential for real-world strategy planning 
and service operations, such as queuing theory, 
demand forecasting, faci l ity location, and 
Figure 6 : Services sciences as knowledge integration
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Table 2 : Overseas programs related to services sciences [16] 
America (including Canada and Brazil) 
• Center for Service Leadership, Arizona State University, USA
• The Center for Hospitality Research, Cornell University, USA
• Relationship Marketing, Emory University, USA
• Center for Services Marketing, University of Maryland, USA 
• Operations Management of Services, California State University, Northridge, USA
• Services Management & New Service Development, University of Texas, Austin, USA
• Services Management, Brigham Young University, USA
• Fishman-Davidson Center for Service and Operations Management, Wharton, University of Pennsylvania, USA
• Service Operations Management, San Jose State University, CA, USA
• Managing Service Operations, DePaul University, USA
• Service Operations Management, University of Calgary, Canada
• Management of Services, University of Western Ontario, Canada
• Service Operations Management, Universidade Federal, Rio de Janeiro, Brazil
Europe
• Center for Relationship Marketing and Service Management, Hanken, Finland
• CTF, Centrum för Tjänsteforskning (Service Research Centre), University of Karlstad, Sweden 
• Centre for Service Management, Cranfield School of Management, UK 
• Service Management, University of Buckingham, UK
• Service Management, Warwick Business School, UK
• Service Management and Strategy, London School of Business, UK
• Service Engineering, Technion, Israel
Asia
• Service Management Research Program, Nankai University, PR China
• Productivity Management, City University of Hong Kong
• Relationship Marketing, University of Auckland, New Zealand
• School of Services Management, Nanyang Polytechnic, Singapore
Others at
  http://www.servsig.org/Syllabi/Service_Operations_Management_Syllabi.pdf
Table 3 : An excerpt from the Operations Research Management Science course curriculum
 at the University of California, Berkeley [11] 
(1) Decision-making in Economic Systems
        Macroeconomic Theory; Advanced Microeconomic Theory; Economic Statistics and Econometrics; Engineering Statistics, 
Quality Control and Forecasting 
(2) Decision-making in Industrial and Service Systems
        Production Systems Analysis; Service Operations Design and Analysis; Logistics and Supply Chain Management; Linear 
Programming; Engineering Statistics, Quality Control and Forecasting 
(3) Decision-making in Societal Systems
        Sociological Theory; Introduction to Sociological Methods, Intermediate Sociological Methods; Engineering Statistics, Quality 
Control and Forecasting 
(4) Algorithmic Decision-making 
        Data Structures; Efficient Algorithms and Intractable Problems (algorithm design theory); Computability and Complexity; 
Combinatorics and Discrete Probability 
(4 credits each) 
Table 4 : An excerpt from the Service Operation Management course curriculum prepared by
 Professor James A. Fitzsimmons at the University of Texas [12] 
• The role of services in an economy
• The nature of services
• Service quality
• New service development
• The supporting facility
• Service facility location
• The service encounter
• Internet services
• Forecasting demand for services
• Managing waiting lines
• Queuing and capacity planning
• Exam
• Managing capacity and demand
• Managing facilitating goods
• Service strategy
• Vehicle routing
• Managing service projects
• Quality and productivity improvement
• Growth and global expansion
• Walk-through-audit presentations
• Exam 
(Each line represents one session.) 
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transport routing.
Figure 7 is an excerpt from North Carolina 
State Universit y's proposa l to create new 
services science programs (the source listed 
as Reference[13]). This document was jointly 
prepared by the Colleges of Management and 
Engineering with a view to setting up a new 
academic course named “Services Sciences” 
across the two col leges.  The new course 
will take organizational, technological, and 
process - or iented approaches to ser v ices,  
cove r i ng  s e r v ice  m a n a ge me nt ,  p r o ce s s  
analysis and design, organizational culture, IT 
service architecture and design, and network 
services/systems design/efficiency assessment. 
The proposal states that “this course aims to 
provide precise analytical methods that are key 
to service efficiency improvement and service 
innovation,” and seeks to create programs, 
including a doctoral course, for nurturing the 
human resources that are essential in the service 
economy era.
One example of academic programs centered 
on the service industry is at Cornell University’s 
School of Hotel Administration[14]. Students at 
this school learn management and organizational 
behav ior,  human resources management,  
manager ia l communication, law, food and 
beverage management, operations, facilities 
management, planning and design, marketing/
tourism/strategy, information systems, finance, 
accounting, and real estate, as well as gaining 
basic knowledge in human, social and physical 
sciences. While this school is inclined toward 
practical learning, i f this program leads to 
innovation in the hotel industry it may become a 
model for education in services sciences.
References 18 to 24 at the end of the report are 
documents describing other overseas activities in 
services sciences.
5 Current status in Japan
5-1 Efforts by Japanese universities
As of October 2005, only a handful of Japanese 
universities of f icial ly incorporate services 
sciences in their curricula. One is the Japan 
Advanced Institute of Science and Technology 
( JAIST), which has launched a new course 
centered on services sciences. Table 5 shows the 
course syllabus. JAIST regards services sciences 
as a key area of next-generation Management 
of Technology (MOT) and declares that this 
course is aimed at helping students to deepen 
their understanding of the basic notion of 
and latest theories on services and to acquire 
practical knowledge in “service innovation,” and 
at cultivating broad-based human resources for 
innovation[15].
Other examples can be seen among Japanese 
business schools that offer MBA programs. 
Students learn about and conduct research 
on ser v ice  ma nagement  f rom market i ng  
perspectives. One such school is Hitotsubashi 
University’s Graduate School of International 
Corporate Strategy.
Figure 7 : An excerpt from the NC State University proposal for services science programs [13] 
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5-2 Current status and challenges for Japan
(1) Services Sciences Symposium
A symposium on services sciences was held 
in Tokyo on September 8, 2005. The event was 
hosted by IBM's Tokyo Research Laboratory[16].
The symposium attracted 45 participants 
from three government agencies (Ministry 
of Education, Culture, Sports, Science and 
Technology, Ministry of Economy, Trade and 
Industry, Japan Science and Technology Agency) 
and eight universities (Tokyo, Hitotsubashi, 
Waseda, Keio, Tsukuba, Miyagi, Tokyo Institute 
of Technology, JAIST), and nine companies (NEC, 
Hitachi, NTT, NTT DoCoMo, CSK, Mitsubishi 
Corporation, Fujitsu, Toshiba, IBM; including 
participants from in-house laboratories).
In light of the topics discussed during the 
symposium, the current status and key issues for 
Japan are summarized below:
(A) Need for innovation in services
Despite their increasingly important role in 
the economy, services are not as productive 
as manufactur ing. Innovat ion in ser v ices 
i s  cr it ica l  to cont inuous improvement in 
service productivity. To enable innovation, a 
problem-solving knowledge structure needs to be 
constructed to link industry-specific knowledge 
with scientific knowledge.
(B) Need for service-oriented education
Japan must improve the productivity and 
quality of its services. From an educational 
viewpoint, productivity improvement requires 
motivation and cultivation of a spirit of challenge. 
The key to raising service quality is developing 
the service skills of people working in the front 
line. This suggests a need for Japan to incorporate 
service-oriented perspectives in its education, 
which traditionally focuses on manufacturing 
skills development.
(C) Need for scientific approaches
 to problem-solving in the service industry
I n  i ndu s t r ie s  such  a s  hea l t h  ca re  a nd  
tourism, laws and regulations often inhibit 
the development of new business processes. 
Other sectors of the service industry also face 
problems, such as the difficulty of pricing or 
obtaining patents for services and dependence on 
experience-based management styles. For further 
development of the service industry, scientific 
approaches to solving these problems should be 
devised.
(D) Importance of the process of making things
It is risky for those discussing future economic 
development to overemphasize the service 
aspect. Since most services are processes 
that involve the provision of both goods and 
information, excellent services are highly reliant 
on the stability of the processes through which 
goods and information are provided (operational 
stability). Discussing excellent services with no 
consideration of operational stability will lead to 
“armchair theories.” In any debate on new growth 
possibilities for the Japanese economy, which has 
been driven by the manufacturing industry, it is 
important to be aware that both production and 
Table 5 : Services Sciences course syllabus
 (1) What are services?: Outlining the basic notion of services
 (2) The necessity for services sciences and future directions: Basic notion of services sciences
 (3) The structure and challenges of the service industry and a service society
 (4) “Innovation as something to feel” —Innovation processes in the service industry—  “Service innovation”
 (5) Approaches to and theories of services sciences (1)
 (6) Approaches to and theories of services sciences (2)
 (7) Services sciences research in Europe and the U.S.
 (8) Case study: Service innovation cases
 (9) Services sciences discussion by field (law and services; service management)
 (10) Lecture on service property research etc. by a guest from a service excellence company (1) — hotel operator (tentative)
 (11) Lecture by a guest from a service excellence company (2) – food manufacturer (call center) (tentative)
 (12) Service innovation processes (group discussion)
 (13) Research presentation by group (1)
 (14) Research presentation by group (2)
 (15) Challenges and strategies for services sciences and service innovation (summary discussion) 
Source: Provided by Vice President Akio Kameoka, MOT Course, the Japan Advanced Institute of Science and Technology
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services are processes that take place over the 
course of time.
(E) Improving the international competitiveness
 of Japanese services
While Japan’s service industry is comparable in 
quality to that of any other country, few Japanese 
service providers have successfully globalized. 
Strengthening the international competitiveness 
of Japanese services is a critical issue.
(2) Japan Society for Science Policy
 and Research Management 20th Annual 
 Academic Conference
The Japan Society for Science Policy and 
Research Management held its 20th Annual 
Academic Conference on October 22-23, 2005, at 
the National Graduate Institute for Policy Studies. 
Table 6 lists the session titles that include the 
term “service,” which have been extracted from 
the conference program[17].
Several university researchers included the 
term “services sciences” in their lecture session 
titles, suggesting that Japanese universities 
are beginning to show an interest in this area 
of research. At the same time, the list implies 
that innovation is attracting as much attention 
as services, and services tend to be discussed 
in connect ion with technolog y.  A nother 
recognizable trend is that the Japanese academic 
community is incl ined to analyze Japanese 
research into services in comparison with 
overseas research, probably because this research 
area originated in Western countries.
In the program, most of the sessions on service 
research came under the category of “Toward the 
Next Stage of Interdisciplinary Research.” This 
fact demonstrates that service-related research 
and services sciences are regarded as typical 
interdisciplinary research areas.
6 Conclusion
The provision of services requires a certain 
amount of human involvement and appeals 
d i rect ly to human feel ings,  with the a im 
of  del iver i ng persona l  sat i s fac t ion.  Th i s  
characteristic of services makes their economic 
value highly dependent on human factors, such 
as the culture, customs and sense of values of the 
country in which services are offered. However, 
the types of services that have developed in the 
Western value structure as an economic act under 
explicitly defined contracts to offer resources, 
to teach and provide knowledge and skills, or to 
support business operations are likely to grow 
further within the world economy and to become 
a steady driving force for globalization.
To maintain the development of its economy, 
Japan should establish a policy of pursuing 
scientific methods to invigorate the service 
economy. This is exactly where services sciences 
come into play. The key is to establish a new 
academic discipline aimed at achieving the 
following goals: providing methods for scientific 
analysis of services, ef f icient management 
of ser v ices,  and max imizat ion of ser v ice 
productivity through engineered production 
processes; solving problems originating from 
the nature of services in order to improve 
productivity; and developing a framework for 
systematic development of innovation.
To this end, Japan should promote joint 
service research between industry, academia 
and government in order to identify problems 
and discuss their solutions, and foster through 
such research the human resources needed for 
service innovation. Another major issue for Japan 
is how to provide school education for the service 
economy.
A lthough ser v ices sc iences a re s t i l l  an 
emerging f ield of research, their scope is 
expected to continue expanding. Since the role 
of services sciences is to solve problems, improve 
Table 6 :  Service-related lecture sessions at the Japan
 Society for Science Policy and Research 
 Management 20th Annual Academic Conference
•  Promotion of service innovation in Japan: A discussion 
centered on IT & solution services
•  The role of technologists who promote knowledge service 
businesses based on services sciences and their path to 
techno-producers
•  Services by services sciences: Integrated strategy road 
mapping for technology innovation
•  Approaches to establishing services sciences: 
An approach from interdisciplinary science; 
Organizational structure issues toward the development of 
information society: Need for Japanese services sciences
•  Verification analysis of innovation in communications 
services
• Study on the penetration process of service-led innovation
•  Growth of corporate competitiveness by approaches in 
services sciences 
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productivity, and formulate a framework for 
innovation, new research issues will continue to 
emerge as services transform and expand over 
time.
Services sciences are likely to be established 
initially for services to the business sector, where 
formal definition of problems is relatively easy 
and the information required for problem solving 
is readily available. Examples of such services 
are those in the manufacturing, information 
technology and finance sectors. Subsequently, 
services sciences will be applied to services 
to individuals in such areas as tourism, health 
care and welfare, where there is greater human 
involvement and definitions are diff icult to 
formalize.
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4
Challenges in Interconnection Design for LSI Chips and
the Crucial Task of Developing
a Suitable Design Automation Tool
MINORU NOMURA
Information and Communications Research Unit
1 Introduction
The “Delphi analysis report [1]” on “The 8th 
Science and Technology Foresight Survey” 
published by the National Institute of Science 
and Technology Policy (NISTEP) shows Japan’s 
R&D level. R&D comparisons are made with 
the U.S. for the past five years and are shown 
in Figure 1. Though most areas show progress, 
the area of silicon electronics indicates a loss 
of competitiveness. Assessing the increase in 
intellectual property, effect on the economy 
and the effect on society, the Delphi report 
Figure 1 : R&D level of Japan in comparison with the U.S.: present and five years ago
Source: ‘The 8th Science and Technology Foresight Survey’
48
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
49
Q U A R T E R L Y  R E V I E W  N o . 1 9  /  A p r i l  2 0 0 6
emphasizes the importance of silicon electronics. 
In spite of this importance, Japan is reportedly 
losing its competitive edge in silicon electronics.
At present, silicon electronics faces a variety 
of challenges that include a requirement for 
highly sophisticated design technology to build 
complicated systems and physical limitations 
that limit further miniaturization of elements 
and interconnections. This article focuses on 
the interconnection issue, which is directly 
related to the development of high- speed LSI 
chips. Considering a silicon CMOS logic LSI chip, 
the interconnection issue is analyzed, showing 
the present status and challenges in design and 
manufacturing technology in conjunction with 
the interconnection issue. Finally, some proposals 
are presented to address these issues.
2 Interconnection issue
In LSI chips, a logic gate (AND, NAND, etc.) is 
formed by combining circuit elements (transistor, 
resistor, etc.) and the logic gate forms a macro for 
a sophisticated logic function. Interconnections 
connect the circuit elements, the gate, and the 
macro (hereinafter called “circuit components”), 
to each other. Interconnection of signal lines is 
mainly discussed in this article, due to its crucial 
role in LSI chip performance. However, the 
interconnection also includes power and ground 
lines in the general meaning. As miniaturization 
proceeds, the interconnection issue has begun to 
limit the performance and the manufacturability 
of LSI chips, where interconnection must be 
optimized through design and manufacture.
The interconnection issue is positioned in 
the LSI chip development process as shown in 
Figure 2. The process is divided between design 
and manufacturing. The interconnection issue 
appears several times, in the interconnection 
design *1 when designing, in the mask fabrication 
process and in the interconnection process when 
manufacturing.
The interconnection design prepares mask 
data, optimizing placement and interconnection 
of circuit components. The mask fabrication 
process provides a mask based on the mask 
data, considering the lithography*2 process. 
The interconnection process achieves the 
physical connections on an actual wafer. The 
interconnection issue is solved by the balanced 
use of design technology*3 (also known as the 
design methodology) based on electronic design 
automation (EDA), and manufacturing technology 
realizing physical interconnections combining 
materials, architecture and interconnection 
technology.
2-1 Interconnection architecture
The multi - layered interconnection in an 
Figure 2 : LSI chip development process and the “interconnection issue”
Source: Prepared by the STFC
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LSI chip is shown schematically in Figure 3. 
Starting at the bottom, an LSI chip consists of, a 
silicon substrate where transistors and resistors 
are constructed, and an interconnection layer 
that provides connections between circuit 
components.
The interconnection layer is comprised of a 
series of vertical and horizontal interconnection 
lines, which form a connection overpass or 
underpass. The three - dimensional layered 
architecture of the vertical and the horizontal 
layer is called the multi-layered interconnection. 
The multi - layered interconnection is classified 
for each function and includes; a metal1 layer 
containing short interconnections between 
transistors and resistors; a global layer containing 
a clock signal line that covers the whole LSI 
chip; a power and ground layer (the uppermost 
layer) containing the power-supply and ground; 
and an Intermediate layer containing other 
functions. Miniaturization increases the numbers 
of interconnections inside an LSI chip to a few 
tens of millions of lines, increases the number 
of layers, and a rate of interconnection process 
within manufacturing process.
2-2 Signal propagation delay time
W he n  a  s i g n a l  p a s s e s  a long  t he  l i ne ,  
signal-propagation delay occurs. Every line has a 
resistance (line resistance) and capacitance (line 
capacitance). Here, the line capacitance includes 
the parasitic capacitance between neighboring 
l ines.  Propor t iona l to the product of the 
capacitance and the resistance, the propagation 
delay increases as the line becomes longer due 
to higher capacitance and resistance. Though 
miniaturization should theoretically reduce the 
propagation delay, in reality it increases, because 
of the increases in coupling capacitance between 
narrower lines and the increase of resistance that 
results from having narrower lines. The signal 
delay is affected by miniaturization, as shown in 
Figure 4.
In Figure 4, the ratios of the relative signal and 
gate delay are shown, in which Cu is used as a 
conductor and a low permittivity (low-k) material 
as an insulator. Miniaturization reduces the gate 
delay and the line delay in the metal1 layer, 
while increasing the signal delay of the global 
interconnection. If a repeater (a buffer circuit 
to increase drive power) is inserted to reduce 
the signal delay, power consumption and area 
increase. The interconnection delay therefore 
affects the LSI chip’s processing speed more than 
the gate delay does, when the technology node 
(node: half of the minimum line pitch) is less than 
Figure 3 : Multi-layered interconnection inside an LSI chip
Source: Prepared by the STFC from ITRS 2003 report [2]
50
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
51
Q U A R T E R L Y  R E V I E W  N o . 1 9  /  A p r i l  2 0 0 6
250 nm. Minimized signal-line delay is necessary 
to achieve faster processing [3].
2-3 Clock distribution and skew
Clock distribution and skew are critically 
inf luenced by the signal delay when higher 
clock frequencies are employed. Synchronous 
circuits are dominant in existing LSI chip designs 
and in these circuits a clock signal must be 
simultaneously provided to tens or hundreds of 
thousands of flip-flops *4 in the LSI chip. This is 
called the clock distribution. The clock signal 
causes delay and leads to clock skew (a variation 
in the arrival time of all the clock signals). The 
clock skew limits the maximum clock frequency 
and causes malfunctions when the skew exceeds 
a critical limit. As clock frequencies become 
higher, the clock skew becomes more and more 
crucial to achieving faster processing.
2-4 Additional issues related to interconnection[4]
(1) Cross-talk noise
A smaller line pitch increases the capacitance 
between neighboring lines and causes signal 
leakage between lines (cross - talk). Caused by 
the voltage change of neighboring lines, the 
capacitance varies, changing the delay time 
(this is sometimes included in the cross - talk). 
Cross - talk deter iorates the signal integrity 
(quality of the signal shape), causing malfunction 
of the circuits. Therefore, cross - talk must be 
properly suppressed.
(2) Power consumption at interconnection 
 lines
Historically, the gate consumed the largest 
amount of a chip’s power but today Joule heat 
(heat generated by current through a resistor) 
consumes most of the power in CMOS devices. 
It is caused by the charge/discharge current 
of interconnection capacitance. In particular, 
a clock l ine forms a huge number of long 
interconnections that switch on/off at every clock 
signal, consuming more electric power than 
before. Less power-consumption at a signal line is 
a critical problem to be solved.
(3) Electro-migration
Electro -migration refers to the migration 
of an atom bombarded by an electron when 
h igh - densit y  cu r rent  f lows,  lead ing to a  
breakdown of a line. Miniaturization reduces 
the cross - sect ion of  a  l ine,  whi le a h igh 
clock-frequency increases the operating current. 
Therefore the current density is increasing, which 
increases the possibility of electro-migration.
3 R&D on the interconnection
 manufacturing technology
The interconnection manufacturing technology 
is related to a manufactur ing process, its 
equipment, and the manufacturing l ine. In 
this chapter, the interconnection materials and 
architecture, and related research, is discussed. 
Figure 4 : Signal delay accompanied by miniaturization
Source: Prepared by the STFC from ITRS 2003 report [2]
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3-1 R&D on materials and architecture
A number of studies (including research 
on materials and architecture) are underway 
r e g a r d i n g  i n t e r c o n n e c t i o n  p r o c e s s e s  
( i n t e r c o n n e c t i o n - l a y e r  f a b r i c a t i o n ,  
insulation - layer, and inter - layer connection). 
In fact, at the moment, studies are mainly 
concentrating on[3]; material replacement from 
high resistance to low (Cu), low-permittivity 
(low-k) material development in order to reduce 
capacitance between lines, and via hole formation 
(constructing vertical metal connections between 
horizontal interconnection layers).
3-2 Interconnection technology under R&D
In the field of interconnection technology, 
research on reducing the connection length is 
underway. New types of connection, using light 
or electromagnetic waves, have been proposed 
for high speed transmission. 
(1) On-chip transmission line
A transmission line transmits a signal at the 
speed of an electromagnetic wave, combining 
high-speed signal transmission with low power 
consumption. A differential transmission line, 
which transmits a signal using the voltage 
difference between two signal lines, cancels 
external noise and reduces the amplitude of the 
signal. Capable of high-speed transmission, the 
on-chip transmission line does not reduce the 
area of the line. Employed for a clock line or a 
long-distance interconnection, the transmission 
l ine wil l be able to accommodate a higher 
frequency of processing[5, 6].
(2) Three-dimensional stack architecture
The three - dimensional stack architecture 
allows multiple LSI chips to be stacked and 
connected to each other. So far, both wired and 
wireless interconnection methods have been 
studied. Using only vertical interconnection lines, 
the architecture reduces the propagation delay 
time when compared to conventional methods 
(interconnecting LSI chips through pads located 
on the peripheral area of each LSI chip). 
The wired architecture stacks a number of 
LSI chips on top of one another and connects 
them using chip -buried interconnection lines. 
The chip -buried line carries a signal between 
the chips. Pioneer ing appl icat ions of th is 
three-dimensional stack architecture that have 
already been constructed include an artificial 
retina chip and a vision chip [7].
T h e  w i r e l e s s  m e t h o d  c o m m u n i c a t e s  
between chips using inductance coupling or 
via an electromagnetic wave. With inductance 
coupling, the LSI chips communicate with 
each other by a magnetic field, using a pair of 
inductors fabricated on LSI chips [8 -10]. With 
an electromagnetic wave, the high-frequency 
wave propagates between LSI chips using 
transmitting/receiving micro - antennas. This 
architecture allows data transmission among 
multiple LSI chips, and is used for simultaneous 
clock- or data-signal transmission [8].
I ncor por a t i ng  mu l t ip le  i nte r - L S I  ch ip  
interconnections, the three-dimensional stack 
architecture has the advantage of making 
parallel data transmission possible. This enables 
the high - speed communication between a 
CPU and a memory chip that is necessary for 
high - performance computing. The present 
EDA tools design only the two - dimensional 
architecture, indicating a need for new tools 
for placement and routing, and analyzing the 
three - dimensional arch itecture of ci rcu it 
components.
(3) On-chip optical interconnection
Promising elemental technologies (a silicon 
light guide, a photonic crystal, a polymer light 
guide, etc.) have been studied for applying to 
on-chip optical interconnection. An ultra - fast 
nano -photodiode (photodetector) has been 
demonstrated using silicon and there are plans 
to apply this technique to a photoelectr ic 
transducer[11], though a compound semiconductor 
has already been used in this field. A silicon laser 
transmitting a continuous wave has also been 
demonstrated, which suggests that a photodevice 
(where communication inside a computer is 
achieved at the speed of light) could possibly be 
made commercially available at low cost [12].
The on - chip optical interconnection has 
advantages that include no interference at 
interconnection crossings, no cross-talk between 
high-density signal lines and is expected to be 
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used for clock distribution in order to achieve 
high-speed processing.
(4) R&D organization and formation
In the U.S., a collaborative R&D company, 
Microelectronics Advanced Research Corporation 
(MARCO), has funded university research 
and is conducting an R&D program called the 
Focus Center Research Program (FCRP). The 
Interconnect Focus Center (IFC) is included in 
the program and is conducting advanced studies 
on electric and optical interconnection[13]. A 
consortium of private companies, SEMATECH, 
is planning research on three - dimensional 
interconnections [14].
On October 13, 2005, the New Energy and 
Industrial Technology Development Organization 
(NEDO) in Japan adver tised a prel iminary 
survey on the industry-university-government 
collaboration program planned by the Millennium 
Research for Advanced Information Technology 
(MIRAI) [15, 16]. The program is researching 
“frontier interconnection development” and 
is planning to develop new interconnection 
technology for a post- 45nm-node integration 
circuit. It is looking at ultra - low resistance 
interconnections, a new concept of global 
interconnection. The program will investigate 
ultra - low resistance interconnections using 
new materials (carbon nanotubes (CNT), etc.), 
photo-interconnection, and radio-frequency (RF) 
interconnection.
4 R&D on interconnection
 design
Design technology is comprised of designing 
architecture, a circuit, and the supporting tools. 
In this chapter, we will focus on the LSI chip 
design technology that is supported by EDA tools. 
Design technology is a methodology to design 
an optimized LSI chip, and is established by a 
design environment that details the design flow 
using EDA tools, libraries, and design equipment. 
There are several design phases such as system 
design, logic design, interconnection design, test 
design, and circuit design for circuit components, 
etc. Among them, here, closely related to the 
interconnection issue, interconnection design is 
described. 
T h e  i n t e r co n n e c t i o n  d e s i g n  r e a l i z e s  
a  p l acement  o f  c i rcu i t  component s  a nd  
incorporates interconnection lines correctly 
within a limited size of LSI. At the same time, it 
needs timing design for the desired performance 
and finally, checks the whole design. The present 
trend of research into interconnection design is 
presented in the following sections.
(1) Design rule
The design r u le governs the whole LSI  
design process, based on available materials, 
architecture, and interconnection technology. 
Sizes of circuit components, spacing between 
neighboring components, three - dimensional 
layout of components, etc., are all defined by the 
design rule. It is necessary to build miniaturized 
c i rcu it  components  and interconnect ion 
lines, and to be able to manufacture on a mass 
production scale. In addition to the above rule, a 
design flow uses a number of design parameters 
(resistance and capacitance of an interconnection 
line, interconnection capacitance and cross-talk 
between neighboring l ines, etc.) to obtain 
a correct result. These parameters are also 
incorporated into the design rule. The design rule 
is an interface to designing interconnection that 
considers manufacturing limitations and should 
be followed rigorously to obtain a good quality 
design.
(2) Timing issue challenges
Mistiming leads to malfunction of the LSI chip, 
even when it consists of flawless logic circuits. 
Timing design draws most attention among the 
present LSI chip design processes and must make 
allowances for signal delay. The signal delay is 
governed by the clock distribution and must 
be less than the allowable delay limit of signal 
propagation. The allowable delay limit is defined 
by the longest or shortest propagation time 
between flip-flops or between a flip-flop and an 
external terminal. The delay of all signals must be 
within the limits.
The timing issue is solved in a number of 
ways: using a distribution method of the clock 
signal, using automatic interconnection layout 
to minimize the clock skew, by the insertion of 
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buffer circuits or by optimization of the signal 
line width at the line that violates the delay limit, 
and by verifying the timing (discussed later).
A design method combined with timing design 
has been presented for a microprocessor [17], in 
which most of the design time is spent on timing 
design. This implies that the timing design is 
complicated and requires expertise.
(3) Design check
An automatic design tool that satisfies all the 
requirements of a design rule has not yet been 
developed. Combining placement and routing 
using automatic tools and manual interconnection 
designs, the design must be checked to ensure 
that it meets the requirements. Design rule 
check (DRC) has been widely used to check 
that the design meets the requirements and has 
resulted in communication between design and 
manufacture. Recently, DRC has been found to 
be insufficient for obtaining high manufacturing 
yields.
Attempts have been made to solve the timing 
issue by using tools that perform static timing 
verification (checking the delay limit in all logic 
paths) and statistical static timing verification 
(considering manufacturing variations of LSI 
chips). The cross-talk issue has been approached 
in the same way, with a tool to analyze cross-talk 
between lines inside an LSI chip and another to 
check timing in which cross-talk is converted to 
delay time. In addition, other tools (transmission 
l ine analysis, power consumption analysis, 
electromagnetic analysis, thermal analysis, etc.) 
are used, and are increasing in importance.
The checking tools complement the EDA 
tools. Based on the output of the checking tools, 
the design is revised by hand, which requires a 
long time and can deteriorate the design quality. 
Therefore, those functions are being incorporated 
into the EDA tool portfolios.
(4) R&D trend of EDA tools for
 interconnection design
I n  t he  19 8 0 s ,  t he  too l s  fo r  de s ig n i ng  
interconnections were intensively developed, 
p r ov id i ng  a  h ig h  qu a l i t y  o f  l a you t  a nd  
interconnection design. In the 1990s, the focus 
shif ted to a system design tool and a logic 
design tool. From the end of the 1990s, the 
high - integration of LSI chips again required 
the development of interconnection - design 
EDA tools. At the 42nd Design Automation 
Conference (DAC), in June 2005, presentations on 
interconnection design (physical/circuit design, 
timing and design for manufacturability (DFM)) 
accounted for about 35% (65 publications) of the 
total number of presentations.
5 Trend of design technology
 and related tasks
The interconnection issue is solved with the 
balanced progress of manufacturing technology 
and design technology, as described in Chapter 2. 
How competitive are these technologies in Japan?
Japan has a history of leading the world in 
the manufacturing technology market, although 
it  seems to have lost  some market  share 
recently. Japan lost the majority share of DRAM 
production to South Korea, has been slow in the 
standardization of microprocessors, and has lost 
some share to the foundry businesses in Taiwan. 
The manufacturing technology industry in Japan 
is still at a high level, particularly in the area that 
vertically integrates design and manufacturing. 
An advanced study for interconnection has been 
conducted in universities and companies in 
Japan and is held in high regard by the global 
community.
In contrast, the design technology market is 
dominated by the U.S., which incorporates design 
know-how into EDA tools. From the viewpoint 
of balanced progress, the design technology 
in Japan (heavily dependent on U.S. EDA tools 
now) must be developed in order to solve the 
interconnection issue. Realizing that present 
advanced technology must be accompanied by 
the integration of design and manufacture, it is 
essential that design technology be developed. 
The present trends and challenges of design 
technology are discussed in this chapter.
5-1 Design technology trends
F i g u r e  5  s h o w s  t h e  p o s i t i o n  o f  t h e  
interconnection design in LSI development and 
the progress of that development for further 
miniatur izat ion. Though the development 
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comprises design and manufacturing, at the 
t ime when design ing i s  closely l inked to 
manufacturing, the design process is not clearly 
separated from manufacturing. This is due to an 
increasing dependency on the physical properties 
of an LSI chip, resulting in further complication 
of the design process. So far, cooperative 
specialization has been fostered in this industry: 
a design division (designing and transferring 
the design in the form of master data to a 
manufacturing division), a manufacturing division 
(manufacturing of LSI chips using a photo-mask), 
and a design division (checking the product). The 
border among divisions is becoming blurred, as 
shown in Figure 5.
(1) Independent logic and interconnection
 design ( ① in Figure 5)
In the past, an engineer in a design division 
designed interconnections after checking the 
logic design. The logic and interconnection 
design processes were iterative when the design 
was modified. Though both processes were, 
therefore, not completely separate, they were 
mostly independent of each other.
(2) Integrated logic and interconnection
 design ( ② in Figure 5)
W h e n  m i n i a t u r i z a t i o n  i n d u c e d  a n  
interconnection delay that was more dominant 
than the gate delay, conventional design (simple 
interconnection of the circuit components) 
became incapable of meeting the delay- time 
limit. Therefore, the logic design was modified 
after the interconnection design was completed. 
Calculating the delay time and a critical path in 
the logic path of signal propagation, the logic 
and the interconnection designs were matched 
by modifying the drive capability of a gate on the 
critical path, for instance. This design method is 
known as integrated logic and interconnection 
design (see Figure 5).
(3) Integrated design and manufacturing
 ( ③ in Figure 5)
Further progress in miniaturization caused 
a new problem in manufacturing - that of the 
size l imit of l ithography. The width of the 
interconnection l ine became smal ler than 
the wavelength of light in lithography, which 
greatly impacted manufacturing yield. This was 
caused by the breakdown of a line and short 
between lines due to the deformation of mask 
data in manufacturing process. Some ways to 
correct a mask during manufacturing became 
unfeasible. Therefore, the integration of design 
and manufacturing was introduced, in which 
interconnection design was carried out in order 
to increase the manufacturing yield.
5-2 Blurred border between design and
 manufacturing
Integrated design and manufactur ing is 
typically observed in a phase-shift (PS) mask*5 
and an optical proximity correction (OPC) 
mask*6 [18], where the mask is modified in order 
to increase pattern resolution at lithography. 
Advanced manufactur ing technology that 
Figure 5 : Progress of LSI chip development with advancing miniaturization
Note: the system design and the test design are not included for clarity. 
Source: Prepared by the STFC
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integrates design technology is of increasing 
necessity for achieving better yield when 
manufacturing governs line width and limits the 
number of via holes.
Dr. Shimohigashi, Semiconductor Technology 
Academic Research Center, emphasizes the 
importance of the beyond - the -border design 
and manu fac tu r i ng ,  address i ng  [19 ] ,  “The 
coming nanometer scale CMOS chip faces a 
number of problems, one of which is design for 
manufacturability (DFM). The DFM is defined as 
an action spanning all design processes in order 
to maximize the product manufacturability. 
The DFM at the nanometer level is particularly 
character ized by its scale and complexity. 
Miniatur izat ion has been accompanied by 
side ef fects that threaten to l imit fur ther 
miniaturization. A new workflow is necessary, 
in which design and manufactur ing work 
harmoniously and systematically.”
5-3 Increase of design challenges
Miniaturization increases design challenges, 
as shown in Figure 6. A new issue becomes 
evident; the issue revealed becomes complicated 
as miniaturization proceeds, and the complexity 
increases exponentially.
A CPU chip incorporates 60 million transistors, 
a few hundred meters of interconnection lines, 
and nearly a billion via holes for connecting 
lines. Reportedly, the more connections there 
are, the worse the LSI manufacturing yield is. 
The yield therefore seems to be governed not by 
the number of transistors, but by the number of 
interconnection lines.
5-4 Design-conscious manufacturing
 technology
The number of presentat ions related to 
multi-layered interconnection technology at the 
IEEE’s International Interconnect Technology 
Conference (IITC), a major conference in the 
field of interconnection, are summarized by 
region in Figure 7. In the U.S. and Europe, R&D 
is under way and is multilaterally approaching 
the multi - layered interconnection technology, 
focusing on design technology. In contrast, the 
multilateral approach is rare in Japan.
Manufacturing technology is developed when 
a higher-level requirement must be met, at which 
point it becomes more closely integrated with 
design technology. It is necessary to develop 
Figure 6 : Increasing design tasks with the progress of miniaturization
Source: Provided by the Semiconductor Technology Academic Research Center (STARC)
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manufacturing technology when the boundary 
between designing and manufacturing becomes 
unclear.
5-5 Dominance of U.S. commercial EDA tools
Most commercially available EDA tools are, at 
present, developed by EDA vendors in the U.S.
The present status of EDA tools in Japan has 
been described as follows [20]; “In the 1990s, 
many Japanese companies stopped developing 
EDA technology in house and LSI chips were 
primarily designed using EDA tools provided by 
vendors in the U.S. and Europe. The commercially 
available tools are more cost effective than 
in-house development, in the short-term. Giving 
up in - house development may have a huge 
impact when considering long-term strategies…
EDA tools cannot be used effectively without 
understanding how they are designed and 
developed. This is because the tool evolves 
due to knowledge accumulated through LSI 
chip designs. R&D on EDA tools def initely 
improves the qual ity of designing.” Design 
technology progresses in the course of iterative 
design and problem solving. The EDA tools for 
interconnection are, however, developed by a 
limited number of companies in Japan, due to 
the huge cost of development as the EDA system 
becomes gigantic in size. In parallel with giving 
up development in companies, researchers in 
universities have moved to other research areas. 
The present status is the result of the trend 
previously described here. Excess dependency 
on commercially available foreign EDA tools 
may deprive Japan of a competitive edge in the 
technology.
Even though depending on commercia l  
available EDA tools, it is not easy to utilize them. 
The EDA tools must be matched to a specific 
task and are properly chosen to represent the 
design culture. A suitable EDA tool is chosen by 
an experienced and developed engineer, who can 
check the tool in a variety of ways: experience of 
designing and using the tools, understanding of 
benchmark testing, and experience in LSI chip 
development and manufacturing. Experienced 
engineers who developed the tools are now 
in charge of tool choice and passing on that 
expertise. However, the number of experienced 
engineers available to pass on that expertise is 
also declining.
In the era of increasingly complex LSI chips, 
Japan finds itself in a crisis situation.
Figure7 : Publication ratio on multi-layered interconnection technology combined with design technology
 (for each region)
Prepared by the STFC from Japan Patent Office report [3]
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5-6 Protection of secrets
An equipment- recipe patent is commonly 
used for protecting manufacturing intellectual 
property, which works efficiently to protect 
manufacturing secrets as a patented product, 
instead of a patented manufacturing method. The 
equipment-recipe patent is defined as “a software 
patent for a method of controlling manufacturing, 
in the form of software, a memory medium, 
or recording media.” At present,  foundr y 
companies are considering protecting their 
software equipment control methods using 
equipment - recipe patents. Semiconductor 
manufacturers in Japan are now wondering if 
they have disclosed too much information about 
how they use the equipment to equipment 
manufacturers, without legally protecting that 
knowledge [3].
The same type of disclosure without protection 
may have also occurred in the use of EDA tools. 
The users of EDA tools in Japan (semiconductor 
or computer manufacturers) are now wondering 
if they too have disclosed too much information 
about how they use the tools to EDA vendors, 
without legally protecting that knowledge. The 
users are wondering if they have been providing 
their valuable expertise for free.
EDA tools require a variety of expertise in 
designing. An EDA tool is not perfectly built, and 
this is compensated for by the knowledge of its 
users. EDA tools are refined and become more 
competitive in the world market by incorporating 
demands for correcting any problems or adding 
extra functions. In this way, design know-how is 
unintentionally leaked to vendors.
Most secrets in manufacturing are confidential 
information, which should be legally protected at 
the time of integrating design and manufacturing.
6 Future actions and
 related proposals
The balanced development of design and 
manufacturing technology is necessary for 
solving the interconnection issue, as described 
previously. Miniaturization is now forcing big 
changes to the design process: that of timing 
adjustment meeting the delay limits and the 
integration of design and manufacturing. Both 
are caused by the interconnection issue. The 
technology is now at the stage of systematic 
integration of the whole system. The integration 
is a worldwide task, and is a critical issue in 
specialized manufacturing (fabless or foundry 
business). Though EDA tools show rapid progress, 
progress cannot keep up with the rapidly 
evolving complexity of LSI chips. This might be 
a chance to build design technology linked to 
manufacturing technology, an industry in which 
Japan has an advantage. The promotion of the 
design technology for solving the interconnection 
issue is proposed as follows.
6-1 Promotion of the design technology:
 development of core EDA tools
 (industry-university-government
 collaboration from a long-term perspective)
The industr y in Japan has an advantage 
in timing adjustment knowledge and in the 
integration of design and manufacturing. The 
domestically developed core EDA tools provide 
competitiveness in the EDA tool market and in 
the LSI chips designed using the tools. EDA tools 
for ‘analog RF hybrid design,’ which is used for 
designing products in competitive industries 
in Japan (digital information home appliances, 
cars, robots, etc.), have not been well developed 
yet, even in the U.S. Early development of the 
tools will also be advantageous to the related 
LSI chips. Throughout the development of these 
tools, design expertise and technology should be 
accumulated, passed on, and protected. The way 
to promote the development is presented in detail 
below.
(1) Development of an advanced design
 method and EDA tools that maximize
 the advantage of manufacturing technology
A design rule must be defined prior to the 
development of the design method, when the 
design technology is developed by integrating 
manufacturing technology for advanced products. 
Comprising both design and manufacturing, 
the design ru le must be def ined without 
forcing a bias to one side or the other. This 
requires a quantitative evaluation to assess the 
investment effect brought about by employing 
the rule. The evaluation assesses how the 
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interconnection rule affects the manufacturing 
yield and the timing issue. If the evaluation is not 
sufficient, the integration does not work well. 
Domestically developed EDA tools incorporate 
the specifications required for EDA tools, which 
optimizes the design workflow that the design 
technology provides. Discussing the R&D trends 
of the interconnection technology in Chapter 
3, a new design method and EDA tools should 
be forthcoming and developed with the future 
in mind. Targeting R&D on EDA tools for the 
product segment in which Japanese companies 
have superiority, is a promising and effective 
approach.
Together with EDA tools for the interconnection 
issue, EDA tools for system, logic and test design 
should be enhanced in order to improve quality 
and the productivity of the design.
(2) Interdisciplinary Collaboration
D e ve lopme nt  o f  t he  E DA  d e s i g n  to o l  
requ i re s  k nowledge  of  both  des ig n  a nd 
manufacturing and a deep understanding of 
physics, as the miniaturization is approaching 
the phys ica l  l i m it  of  s i ze.  A spec ia l i zed 
workforce cannot independently develop the 
tools, and collaboration with other specialties 
mu s t  b e  con s ide red .  Co l l ab or a t ion  a nd  
information sharing among researchers and 
design/manufacturing engineers, including 
engineers at equipment manufacturers, are also 
desirable. EDA tools are useful and competitive 
when they incorporate input on solving issues 
presented by equipment manufacturers.
Collaboration between scientists working in 
silicon technology and nanotechnology is to 
be highly encouraged. Computation science on 
analysis of high or low permittivity material has 
shown potential [21, 22], and technology computer 
aided design (TCAD) has shown potential as 
the basis of process development, even though 
these f ields are not speci f ical ly related to 
interconnection design. Miniaturization has 
reached the nanometer scale and while many 
technology fields can no longer work in isolation, 
interdisciplinary study may revolutionize the 
LSI chip development environment. Therefore, 
cross - f ield collaboration should be actively 
promoted.
(3) Organization and management to
 promote development
The interconnection issue is solved only when 
the issue represents a real and critical problem 
at design and manufacturing in a company. The 
establishment of a consortium made up of private 
companies is therefore inevitable. Researchers in 
universities are encouraged to join and contribute 
to these consortiums, providing scientific and 
theoretical knowledge. A committee of the 
consortium must carefully handle the results 
developed by the consortium. Some are not 
disclosed outside the consortium participants and 
some are proposed to be made available to the 
whole industry to achieve standardization.
Motivation among researchers in universities is 
one of the issues when promoting collaboration 
among companies and un iversit ies.  Some 
research is kept confidential, and it cannot be 
used for publications which sometimes assess 
job performance. This might be addressed 
by changing the assessment method used to 
evaluate job performance. Funds provided 
by industry/university collaboration could be 
assessed in the same way as publication and 
patents, for example. Despite this difficulty, many 
researchers in universities outside Japan have 
been achieving impressive results in their design 
research. The assessment issue may be solved in 
Japan as well.
6-2 Balanced cutting-edge between
 manufacturing and designing technology
(1) Active promotion of intellectual property
 (short-term proposal to industry)
Integration between design and manufacturing 
has several options depending on where in 
a design workf low a solver for defect issues 
is positioned. For example, logic design, or 
interconnection design, where the defect issues 
include a defect caused by dust, a process defect, 
a lithography defect, or a random defect. The 
options or a combination of options is valuable 
as intellectual property, directly in conjunction 
with the manufacturing yield. The intellectual 
property must be clearly classified as a patent or 
as confidential information. Intellectual property 
is classified by how easy a violation is to find. So, 
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if a violation is easily found it is classified as a 
patent (for example, an interconnection pattern), 
and if a violation is not easily found it is classified 
as conf identia l in formation (for example, 
information or an analysis method to enhance a 
manufacturing yield).
The conf identia l  in formation should be 
protected from free access by unauthorized 
employees, using a ful ly equipped security 
system.
Design secrets are not protected only by 
the domestical ly developed EDA tools (see 
6 -1). The LSI chip design f low is carried out 
by combining commercial ly avai lable EDA 
tools and domestically developed (or in-house 
developed) tools (called core tools or solvers). 
When commercially available EDA tools are used, 
secrets are considered very valuable and should 
be protected. Parameters and expertise for using 
commercially available EDA tools are proposed to 
be translated to some manageable products, such 
as software used for an equipment-recipe patent. 
Adopting a graphical user- interface should be 
considered because it works well when lodging 
claims for intellectual property violations. 
(2) Clarified targets (mid- or long-term
 promotion by the government)
By incorporating advanced R&D, technology 
can be revolutionized. The orientation of each 
research area must be highly al igned, and 
requires a clearly defined target. The government 
should take responsibility for clarifying this 
target, especially ones with great propagation 
effect. Based on the target, the government 
shou ld promote R& D for each elementa l  
technology, followed by commercialization by a 
company, which is the desired cycle of R&D and 
commercialization.
Research is now being conducted separately 
to achieve high-speed processing and low power 
consumption. Especial ly, the development 
of  low - power - consumpt ion LSI  ch ips for  
information home appliances is emphasized. 
In principle, however, high speed and the low 
power consumption are inseparable. R&D should 
be encouraged to achieve high-speed processing, 
as well as low power consumption. LSI chips 
for cellular phones are, for example, being 
developed to achieve high - speed processing, 
as these phones have more and more functions 
that require this level of processing power. LSI 
chips for cars are being developed in order to 
achieve high tolerance under severe conditions, 
as LSI chip used in cars is rapidly expanding [23]. 
The roadmap presented by NEDO is focused 
on low-power consumption technology [24], 
while a roadmap focusing on high-performance 
technology is expected as well.
One candidate for high-speed processing is in 
the development of a CPU for a supercomputer, 
which a l igns the d i rect ion of design and 
manufacturing technology in the pre-competitive 
f ie ld .  I n  the  pa s t ,  adva nced tech nolog y  
developed for a supercomputer was transferred 
to commercial systems and CMOS LSI chips, and 
is still being used in EDA tools that are trying 
to solve the interconnection issue caused by 
miniaturization.
Another candidate is the development of design 
and manufacturing technology that targets analog 
RF hybrid design, which aligns another direction 
of development. For high performance while still 
remaining within a strict power consumption 
limit, extremely advanced technology is required.
7 Conclusion
In this article, the interconnection issue in 
silicon electronics has been discussed, and R&D 
targets for this issue have been clarified. Policies 
to strengthen design technology to create the 
coming interconnection technology have also 
been proposed. This may play an important 
role in revitalizing silicon electronics in Japan. 
Accumulating design and manufacturing secrets, 
it is essential that EDA tools are developed for a 
competitive LSI chip industry, and this is one of 
the key R&D targets.
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Glossary
*1 Interconnection design
 In this ar ticle, interconnection design 
ca r r ies  a  wider  mean i ng :  the  whole  
des ign work f low related to phys ica l  
design (placement of circuit components, 
interconnection among them, signal-timing 
test,  electr ic test,  design ru le check, 
mask-data generation, etc.). Interconnection 
design is also cal led “physical design” 
or  “l ayout  des ig n.”  I n  other  paper s ,  
interconnection design, however, has 
a  n a r r owe r  me a n i n g :  d e s i g n i n g  a n  
interconnection pattern among circuit 
components.
*2 Lithography
 Lithography stands for all the equipment and 
processes used to develop a circuit pattern.
*3 Design technology
 Design technology refers to the technology 
used to design an LSI chip, and comprises 
design technology for the architecture, 
circuits, etc., and other supporting design 
methods. In this article, “design technology” 
refers to the technology to design an 
LSI chip supported by EDA tools. With 
increasing integration and seeking high 
performance, “design technology” has 
become heavily dependent on EDA tools, 
and is closely linked to the progress of EDA 
tools.
*4 Flip-flop
 A flip -f lop is a memory circuit that has a 
high or low status. The status is held until 
the next signal arrives.
*5 Phase-shift (PS) mask
 The phase - shift (PS) mask enhances the 
resolution of the pattern, using interference 
between phase-shifted and non-shifted light.
*6 Optical proximity correction (OPC) mask
 The optical proximity correction (OPC) 
mask works by making small changes to the 
IC layout on the mask, reducing lithography 
distortion.
Abbreviations
•CMOS  Complementar y Meta l - ox ide 
Semiconductor
•DRAM  Dynamic Random Access Memory
•DRC  Design Rule Check
•EDA Electronic Design Automation
•OPC Optical Proximity Correction
•RF  Radio Frequency
•SEMATECH  Semiconductor Manufacturing 
Technology Institute
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1 Introduction
A catalyst is an essential component in a 
variety of production processes including fuel 
refining (e.g. gasoline), synthesis of plastics 
(clothing, automobiles, electr ic apparatus, 
domestic products), as well as a multitude 
of pharmaceutical products. It plays another 
important role in maintaining our health by way 
of removal of hazardous components from the 
emissions of automobiles and factories. A catalyst 
is a chemical substance that, even in small 
amounts, accelerates chemical reactions and may 
be recovered essentially unaltered. Some catalysts 
show selectivity as well as rate enhancement. 
In the presence of same source materials, a 
judicious choice of catalyst can accelerate only 
a selected chemical reaction where others are 
possible. The catalytic activity of a solid surface 
was first discovered by the English chemist Davy 
in 1817, and the first industrial catalytic process 
was developed for low-temperature ammonia 
synthesis by German chemists Haber and Bosch 
in 1913. A multitude of catalytic processes 
have since been developed [1], and have played 
important roles in a range of industries and in 
maintaining environmental integrity (see Table 
1). Catalysts may take various states and forms: 
some liquids, such as sulfuric acid, can show 
catalytic activity. Solid catalysts may be used 
as granules/powder, or may be used as a fine 
particle dispersed on a substrate or carrier made 
of, for example, ceramics. These hybrid systems 
(e.g. catalyst and carrier) may take various forms 
including powders, granules, fibers, plates, or 
honeycomb structures, depending on the nature 
of the chemical reaction in which the catalyst 
system will be used.
This article presents an overview of the current 
technological status regarding nitrogen oxides 
(NOx) emission reduction catalysts used for 
both mobile and fixed sources, and describes 
the challenges that must be addressed in future 
developmental efforts. 
Table 1 : Types of catalyst
Class Application Typical catalyst
Industrial
Petroleum refinery Cracking, Hydrocracking, Desulfurization, Reforming catalyst
Petrochemical product Hydrogenation, Oxidation, Polymerization catalyst
Pharmaceutical/Food Hydrogenation, Oxidation, Isomerization catalyst
Others Natural gas reforming, Fuel cell electrode catalyst
Environmental
Vehicle emission Three-way, PM oxidation catalyst
Others NOx removal, Dioxin/VOC decomposition, Deodorizing catalyst, Photocatalyst
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2 Current situation of
 air pollution and NOx
 emissions regulation
2-1 Current status in Japan
Various air pollutants are discharged from 
mobile sources such as automobiles, ships and 
aircraft, and from fixed sources such as factories, 
power plants and waste incinerators. The current 
situation of air pollutant concentrations in Japan 
has already been reported in one of the articles 
in this series (January 2006)[2]. According to the 
report, in contrast to sulfur dioxide (SO2) and 
carbon monoxide (CO) emissions that have been 
substantially reduced, nitrogen dioxide (NO2) 
has shown hardly any sign of improvement and 
photochemical oxidant concentrations (NO2 is 
generally believed to be one of the triggering 
substances) have even shown an upward trend in 
recent years. 
Brochures issued by the Ministr y of the 
Environment and Ministry of Land, Infrastructure 
and Transport in 2002 ascribe NOx emission 
sources as 52% from automobiles and 35% from 
factories/offices, which clearly demonstrates 
the importance of addressing automobile NOx 
emissions. Figure 1 shows the trends in NOx 
emissions from heavy diesel trucks and buses. As 
is apparent from the chart, NOx emissions have 
been reduced yearly and are down to less than 
20% of 1974 levels under 1988 regulation[3].
Japan has traditionally imposed some of the 
most stringent regulations on NOx emissions. 
A typical example of these schemes is the 
Automobile NOx Law (enacted in 1992) for 
reducing air pollution caused by NOx emissions 
in large urban areas. The NO2 air quality standard 
for urban areas, however, has not yet been 
attained, largely because of the ever-increasing 
number of automobiles in these areas [4]. Air 
pollution caused by emissions of particulate 
matter (PM) is also a serious problem. PM from 
diesel - powered automobi les is a matter of 
particular public concern because its components 
are believed to be carcinogenic. Based on these 
findings, the above law was revised in June 2001. 
The purpose of the revision was to reduce PM 
discharge from automobile traffic, as well as to 
strengthen NOx regulations. PM was added to 
the list of target materials in addition to NOx, 
and the areas to be regulated were also extended. 
To comply with the revised law, stepwise 
strengthening of the regulation on emissions from 
diesel automobiles has been carried out. To meet 
the requirements contained in these regulations, 
considerable effort has been undertaken towards 
producing higher purity fuel and enhancing the 
performance of engines and emission reduction 
catalysts [5-10].
For fixed sources, NOx emissions are regulated 
by governmental ordinance, as well as additional 
regional regulations, depending on the type and 
scale of the facility. Even total volume control of 
NOx pollutants is enforced in selected areas. Only 
very small installations are exempt from these 
regulations. Construction of a new large facility 
or extension of an existing one is examined by 
the national/regional government in terms of its 
affect on the environment (environmental impact 
assessment). Environmental protection measures, 
including NOx reduction, are the key features 
that are examined.
2-2 Current status in the U.S.
Many areas in the U.S. have not yet attained the 
levels specified by the atmospheric standard for 
ozone (main source for photochemical oxidants), 
PM, and CO. Automobile emissions in the U.S. 
make a larger contr ibution to atmospheric 
Figure 1 : Trends in NOx emission reduction from diesel
 trucks/buses (direct injection)
0% 20% 40% 60% 80% 100% 120%
(Note) Total vehicle weight: 1.7-2.5 tons
Source:  “Road Pocketbook, 1999”, Japan Highway Users 
Conference
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concentrations of NOx and CO than is the case 
in other countries. Some efforts have been 
made, like Japan, to strengthen the regulations 
on automobi le emissions and new t ighter 
regulations are scheduled to be implemented in 
2007 and beyond. European countries also have 
plans to implement tighter regulations (timing 
and contents are yet to be decided) [11]. Figure 
2 summarizes the history of environmental 
regulations in the U.S. and Europe.
As shown in Table 2, the U.S. has implemented 
many regulations to counter NOx emissions for 
fixed sources. In recent years, it adopted the 
idea of trading emissions quotas, so that tighter 
regulations will not harm economic growth. 
Each facility is assigned a yearly NOx emissions 
quota, and NOx emissions quota trading enables a 
company to sell/purchase and save the difference 
between the assigned value and the actual 
amount of emissions. This scheme achieves a 
net NOx reduction by gradually reducing the 
quota for each company[12]. This scheme provides 
an incentive for a company to introduce new 
NOx reduction technology because successful 
reduction enables the company to sell their 
excess quota to another company, compensating 
for the expense incurred in purchasing the new 
equipment. However, this scheme can have an 
adverse affect on economic growth if it is not 
accompanied by careful execution. For example, 
Figure 2 : History of environmental regulations in the U.S.A and Europe
U
.S
.A
E
ur
op
e
1960’s 1970’s 1980’s 1990’s
• CAA enacted
• EPA establishd
VOC regulation
HAPs regulation (MACT)
MACT legislation
(EU) EEC directive
(Germany) TA-Luft
(UK)
Request to enact the law Legislation directive Guideline established
CAA issued Rlue 66
(Clean Air Act)
1963 1966
1970
1977
1976 1984
1986
1993
1990
1974
1990
2000
Control Technique Guideline
(RACT)
(BACT)
(LEAR)
Clean Air Act Ammendment
SMP(Solvent Management Plan)
Enviromental Protection Act
Source: Reference [11]
Table 2 : Regulation on NOx emission from fixed sources
Period Regulation Summary
1970- Clean Air Act (CAA) U.S. federal legislation enacted in 1970
1995- Acid Rain Program
Aimed at SO2 and NOx reduction and acid rain suppression via economically feasible 
means, including SO2 emission quota trading. Encourages introducing energy efficiency 
that leads to environmental protection.
1999-
Ozone Transport Commission 
(OTC) NOx Budget Program
Targeted at some 900 thermal-power generation units and some 100 steam boilers in 12 
eastern states. The upper limits of total emissions during the Ozone-season (May-Sept.) 
are regulated based on 1990 values. Max. values are assigned to each facility, allowing 
emission quota trading. Unused quota is marketable and can be carried over.
2004-
NOx State Implementation Plan 
(SIP) Call
Based on the above OTC NOx Budget Program, NOx emission quota trading is 
expanded to 22 eastern states and Washington DC.
2005- Clean Air Interstate Rule (CAIR)
Aimed at substantial reduction of SO2 and NOx emission from coal-fired power plants in 
28 eastern states and Washington DC within ten years.
Under 
review
Clear Skies Act
Assign upper limits to SO2, NOx and mercury emissions from power plants. This 
legislation is binding and aims at a drastic reduction in emissions (70% reduction of the 
emission level in 2000)
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in California, where emissions quota trading 
has been implemented since 1993, emissions 
went beyond the allocated quota triggering a 
sharp rise in the market rate for excess quota, 
finally bringing about power plant shutdowns in 
2000[13]. This scheme can also lead to localized 
deterioration of atmospheric conditions because a 
facility is allowed to discharge a disproportionate 
amount of emissions by purchasing quota.
Fo r  n e w  co n s t r u c t i o n  o r  l a r g e - s c a l e  
modifications of a facility, the entity is required 
to install appropriate equipment to satisfy the 
regulation level for emissions according to the 
scheme shown in Table 3[14]. For example, for 
a newly constructed facility in regions where 
air pol lution standards are satisf ied, BACT 
(Best Available Control Technology) calls for 
the installation of equipment that is capable of 
removing all criteria pollutants. The equipment 
must be reasonably priced and be able to be run 
at a reasonable cost. LAER (Lowest Achievable 
Emission Rate) is the reference regulation applied 
to newly purchased equipment in regions where 
air pollution standards are not satisfied. For 
example, a newly installed gas turbine generator 
is required to produce emissions levels that are 
equal or lower than the minimum emissions 
output of the existing generator. However when, 
for example, a coal fired power plant replaces 
boilers or other equipment, the plant would not 
have to install pollution control equipment to 
meet current standards if the cost of the pollution 
control equipment is less than 20 percent of 
the entire cost. This raises some doubt as to the 
actual effectiveness of the regulation[15].
The Environmental Protection Agency (EPA) 
also performs an environmental technology 
verification program, including evaluation and 
verification of new environmental purification 
technologies developed in the private sector, the 
results of which are made public[16, 17].
3 Catalyst technology for
 reduction of NOx emissions
Development of novel catalyst systems to 
eliminate NOx from gasoline-powered vehicle 
emissions is being actively undertaken. The 
three-way catalyst has been the industry standard 
for this purpose, but it is unsuitable for use in 
the newly developed lean -burn engines and 
diesel engines. Despite the success of selective 
catalytic reduction with ammonia (NH3-SCR) for 
fixed emission sources, the recent development 
Table 3 : Emission limitations of new and existing fixed sources
Target 
material   
Source Limitation name Target area  Summary
Criteria 
pollutants
(Nox, SO2,
CO, 
ozone, 
lead, PM)
New 
BACT (Best 
Available Control 
Technology)
Attainment areas for federal 
ambient air quality standards 
of all six criteria pollutants
Facilities that emit >100 tons/year (specified category) 
or >250 tons/year of one or more of six criteria pollutants 
(NOx, SO2, CO, VOC, lead, PM) (large-scale source). As 
stringent as NSPS for the same type of new source.
LAER (Lowest 
Achievable 
Emission Rate
Non-attainment areas for 
at least one of the criteria 
pollutants
Facilities that emit >100 tons/year of five pollutants 
(NOx, SO2, CO, VOC, PM) (new source). Most stringent 
regulation level.Non-attainment areas for 
ozone and PM10
NSPS (New Source 
Performance 
Standards
Attainment areas for federal 
ambient air quality standards 
of all six criteria pollutants Targeted facilities include steel plants, lead/zinc 
refineries and rubber/tire factories, e.g. new sources of 
the selected category. A more stringent level is assigned 
to newly constructed facilities than the existing ones 
irrespective of their scale.
Non-attainment areas for 
at least one of the criteria 
pollutants
Non-attainment areas for 
ozone and PM10
Existing
RACT (Reasonably 
Available Control 
Technology)
Existing sources 
(Non-attainment areas for 
ozone and PM10)
Facilities that emit more than the specified amount of 
VOC yearly. Emission limit depends on the extent of 
ozone pollution (worst-case emission limit will be 10 
tons/year or more).
(Note) These Limitations are derived from CAAA (Clean Air Act Amendments, 1990)  Source: Reference [14]
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of improved low NOx technologies may result in 
even more effective systems. Table 4 summarizes 
the mainstream catalyst technologies for NOx 
reduction [18-21].
3-1 Catalyst for mobile sources (automobiles)
The “three-way” catalyst derives its name from 
the fact that the catalyst is capable of simultaneously 
removing CO, hydrocarbons (HC) and NO from 
automobile emissions. Researchers from Ford 
Motor Company discovered this phenomena in 
1971, and TOYOTA Motor Corporation was the 
first to develop an automobile equipped with this 
catalyst system (1977) [22]. The three-way catalyst 
consists of a honeycomb-shaped substrate made 
of a ceramic or alloy with its surface coated 
by a washcoat, typically an aluminium oxides 
(Al2O3) -based material, with a large specific 
surface area. Ultra - f ine particles consisting 
of catalytical ly active components, such as 
platinum (Pt), palladium (Pd) and rhodium (Rh), 
are dispersed on the washcoat surface. The 
three-way catalyst has the disadvantage that it 
is susceptible to sulfur (S) poisoning. Because 
catalyst systems used for emission reduction, 
including the three-way type, typically operate 
in a high temperature environment, prevention 
of their thermal degradation is a major challenge. 
One possible solution is the development of 
self-regenerative catalysts [23]. Lean-burn engine 
vehicles have become popular in recent years, 
owing to their high thermal efficiency and better 
mileage. The three-way catalyst is not suitable 
for use in lean -burn engines, and NSR (NOx 
Storage and Reduction) catalysts are generally 
used. TOYOTA put a gasoline-powered vehicle 
equipped with this type of catalyst system on the 
market in 1994 [22]. A variation of this system with 
the catalyst dispersed on a porous ceramic filter 
surface has also been developed, and it is capable 
of simultaneously removing NOx and PM from 
diesel vehicle emissions [24]. Because this catalyst 
Table 4 : List of NOx reduction catalysts
Source: Prepared  from Reference [18-21]
For mobile source  For fixed source
Type Feature Schematics Type Feature Schematics
•  Gasoline-fueled 
vehicles
•  Reaction at near 
equivalence point
•  Typical composition: 
Pt-Pd-Rh-Al2O3
•  Natural gas 
fueled gas turbine 
combustor
•  Low NOx emission 
combustion
• Typical composition: 
PdO-Al2O3
•  Gasoline and 
diesel-fueled 
vehicles
•  Can react 
in lean-burn 
conditions
•  Typical composition: 
Pt-Ba-Al2O3
• Natural gas fueled 
gas turbine
•  Ammona not 
required
•  Typical composition: 
Oxidation 
catalyst-CaCO3
Urea-SCR:
•  Large diesel-fueled 
vehicles
•  Can react 
in lean-burn 
conditions
•  Typical composition: 
V2O5, TiO2
NH3-SCR:
•  Boiler/gas turbine 
using various fuels
•  Typical composition: 
V2O5-TiO2HC-SCR:
•  Gasoline fueled 
vehicles
•  Typical composition: 
Ir-BaSO4
HC + O2          CO2 +H2O
CO + O2          CO2
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system, as well as the three-way type, suffer from 
deterioration caused by heat and poisoning, the 
creation of systems resistant to these effects is 
one of the future challenges.
The SCR catalyst can also be used for lean-burn 
engines, and a report illustrating selective NOx 
removal in which a hydrocarbon acts as the 
reductant was published in 1990 [25]. Another SCR 
system that is primarily aimed towards reducing 
diesel -powered auto emissions using urea as a 
reductant is under consideration [19]. The main 
issues to be addressed for these catalysts include 
the prevention of NOx generation/emissions from 
the oxidation catalyst system that is typically 
placed downstream of the emission gas treatment 
system, together with enhancement of the NOx 
removal efficiency while the vehicle is running 
under low load conditions. The large physical 
size of currently available systems also leaves 
considerable room for improvement. In November 
2004, Nissan Diesel Motor became the first 
company to put a large-size truck equipped with a 
urea SCR system on the market[26]. Deployment 
of a urea water station network is also being 
undertaken in anticipation of future adoption of 
automobiles equipped with urea SCR systems.
As described above, Japan is a step ahead of 
other industrialized countries, including the 
United States and European nations, with regard 
to emission gas purification technologies. The 
JCAP ( Japan Clean Air Program), an industry-
academic-government joint project involving 
the automotive and petroleum industries, was 
started in 1997 and has already yielded practical 
results. An example of these achievements is the 
evaluation study on the effect of sulfur content 
in fuel on emission reducing catalysts. The 
findings of this study resulted in a sulfur content 
regulation for gasoline and diesel fuel that was 
enforced in 2005[27].
3-2 Catalysts for fixed sources
Two Japanese companies (Chubu Electric 
Power Company and Ishikawajima-Harima Heavy 
Industries Company) were the first (1979) to put 
NH3-SCR technology into practice for large-scale 
oil burning boilers[28]. This method injects NH3 
into the emission gas stream to efficiently remove 
NOx. The catalyst used in this process contains 
vanadium oxides (V2O5) as the active component, 
dispersed in a honeycomb-shaped substrate made 
of titanium oxides (TiO2).
Application of the NSR (NOx Storage and 
Reduction) catalyst was first successfully applied 
to reduce the emissions from natural gas / low 
sulfur oil gas turbines by the now defunct U.S. 
company, Goal Line Environmental Technologies, 
(cu r rent ly  EmeraChem) i n  1996 [2 0 ].  Th i s  
technique does not use ammonia, eliminating 
problems related to the storage/management/leak 
prevention of ammonia. Future goals for this 
technique include extension of the catalyst's 
operating life and cost reduction.
The NOx reduction technologies described 
above, both for mobile and fixed sources, all 
operate downstream of the combustion process, 
i.e. NOx is removed from the post - burning 
g a s  s t r e a m.  A n  a l t e r n a t i ve  appr o ach  i s  
catalytic combustion, which prevents NOx 
generation in the burning process. In contrast 
to the conventional burning process, where 
atmospher ic nitrogen and oxygen react to 
produce NOx in the high temperature region 
of the burner flame, catalytic combustion does 
not require such a high temperature flame over 
1,500°C, resulting in ultra- low NOx formation. 
Pal ladium oxide (PdO) is general ly used as 
the active catalyst component for this process. 
Kawasaki Heavy Industries was the first company 
(2002) to construct a practical natural gas 
turbine system using catalytic combustor and 
installed it in the U.S.[30]. Catalytica (U.S.) and 
Tanaka Kikinzoku Kogyo ( Japan) developed 
the catalyst system[29]. Future challenges for 
catalytic combustion include its application in 
high-temperature, large-scale gas turbines and 
the ability to use diesel fuel.
4 Challenges ahead:
 Development of catalysts
 that minimize environmental
 impact
4-1 Usage of precious metals in catalysts
The catalysts used for automobiles generally 
have larger amounts of precious metals than 
those used in the chemical industry. Figure 3 
shows the usage of Pt, Pd and Rh for catalysts[31]. 
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About 50% of Pt and Pd, and about 90% of Rh 
are consumed as the active components of 
automobile catalysts. It should also be noted that 
consumption of precious metals for automobile 
catalysts has significantly increased in the last 
ten years (approx. two-fold for Pt, and four-fold 
for Pd). Figure 4 shows the trend in precious 
metal usage (Pt+Pd) per automobile in Japan 
in relation to the progression of NOx emission 
regulations[31, 32]. Note that the figure is based on 
the purchased volume for automobile catalyst 
systems and includes inventory, so the actual 
consumption is somewhat below the f igure 
shown. It is apparent that the strengthening of 
emission regulations is one of the main factors 
driving the increase in the volume of precious 
metal consumption for automobiles because ever 
larger quantities of precious metals are needed 
to enhance emission reducing capabil ities. 
Another factor that has influenced the increase 
in precious metal consumption comes from their 
utility in solid polymer electrolyte fuel cells (the 
electrode catalyst uses precious metals). Fuel cells 
are being actively researched and developed for 
automobiles and distributed power generation. As 
already described, new environmental protection 
technologies aimed at fixed sources are also 
likely to use precious metals. Precious metals 
are a scarce resource, and about 90% come from 
only a handful of countries including Russia and 
South Africa. This uneven distribution makes 
them susceptible to the political and geological 
Figure 3 : Global precious metal usage (automobile catalysts and others)
Others
Automobile catalysts
   (recovered precious
    metals)
Automobile catalysts
   (recovered precious
    metals excluded)
Source: Prepared from Reference [31]
Figure 4 : Trends in precious metal usage for automobiles (g/vehicle) and regulation level
 for diesel-fueled vehicles in Japan
Source: Prepared from Reference [31, 32]
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situations prevailing in the producing countries. 
To strike a balance between supply and demand 
for stable pricing, initiatives have been taken to 
promote the recycling of precious metals and 
automobile companies try to contract directly 
with the mining companies to ensure mining 
is carried out according to a well organized 
schedule. Ongoing efforts to develop catalysts 
that require lower quantities of precious metals 
are also important. Automobile fuel with low 
sulfur content can also contribute to reducing 
precious metal consumption, because it extends 
the operational life of the catalyst.
The promotion of precious metal recycling 
needs to be advanced more than ever. As a basic 
method for recovering precious metals from 
used catalysts has already been established, 
future endeavors will be focused on streamlining 
the efficiency of the recovery system. Factors 
that have hindered the effective recovery of 
automobile catalysts include: illegal disposal, 
scrapping that disables component recovery, 
and export of junked automobiles to foreign 
countries. In Japan, new legislation came into 
effect in 2005 regarding automobile recycling, 
namely, “Law for the Recycling of End-of-Life 
Vehicles (End-of-Life Vehicle Recycling Law)” to 
promote effective utilization of junked vehicles. 
This law ordains that vehicle disposal - related 
costs must be pre-paid when the user purchases 
a new vehicle, eliminating the need to impose 
an extra charge when the vehicle goes out 
of commission. This scheme is expected to 
enhance precious metal recovery from junked 
automobi les.  However, s ince automobi les 
purchased before this law was enacted will 
still require a disposal charge, it is feared that 
a temporary decrease of recovery may occur 
because of the ensuing charge [33].
4-2 Environmental catalyst technologies
  capable of addressing
  energy/environmental concerns
To address energy conservation and the global 
warming problem, Japanese Diet enacted the 
“Law concerning the Rational Use of Energy 
(Energy Conservation Law)” in 1998 and revised it 
aiming at improving fuel efficiency [34]. However, 
reduction of carbon dioxide (CO2) emissions 
from automobiles can be achieved through other 
measures, including: mixing of bio-ethanol into 
gasoline, mixing of bio -diesel and diesel fuel, 
and utilization of natural gas and diesel oil as 
automobile fuel.
The refining process from crude to diesel oil 
requires less energy than the conversion process 
into gasoline; CO2 emissions associated with 
the refining 1 kg of diesel oil are less than half 
that of refining 1 kg of gasoline [35]. Provisional 
estimates indicate that the CO2 emissions from 
a diesel-powered automobile are approximately 
10% lower than those from a gasoline-powered 
vehicle [36]. Further reduction is expected by 
hybridizing a diesel engine with an electric 
motor. On the other hand, diesel - powered 
vehicles generally produce more PM and NOx 
than gasoline vehicles [7].
An alternative option, the utilization of CNG 
(Compressed Natural Gas) powered automobiles, 
has been underway for some time. This type 
of vehicle is more suited for short - distance 
trips because its range is generally less than 
gasoline/diesel powered vehicles. CO2 emissions 
from CNG vehicles are estimated to be equal to or 
slightly higher than diesel oil vehicles. The CNG 
vehicle requires a lean-burn engine to improve 
thermal efficiency, and development of a catalyst 
system to reduce emissions from this type of 
engine remains a challenge. Utilization of biomass 
fuel is an alternative solution, but research into 
the effect of biomass fuel emissions on the 
environment is still at an early stage and requires 
further study [7].
4-3 Problems associated with
 the dissemination of co-generation systems
Figure 5 shows the installation history of 
co-generation systems in Japan [37]. Introduction 
of co -generation systems is actively promoted 
in Japan, especially in urban areas, for purposes 
such as saving energy, minimizing CO2 emissions, 
and as a back-up power source in emergency 
situations. Co -generation installations with a 
capacity less than 112.5 MW are excluded from 
environment assessment targets, and the NOx 
emission regulation in Tokyo and others is more 
lenient for small engines and turbines, as shown 
in Table 5 [38]. Regulation of total NOx emissions 
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is also lenient for installations that consume small 
amounts of fuel. As a result, small co-generation 
installations discharge higher concentrations 
of NOx than the larger ones. According to a 
report[39], co-generation installations in the Tokyo 
metropolitan area emit 0.81 g/kWh of NOx on 
average, which is roughly eight times larger than 
the overall average of power plants in total NOx 
regulated areas, and four times larger than the 
fossil fuel power plants average. The number 
of co -generation installations is expected to 
rise continuously, and the need for tighter NOx 
regulation of these installations in the future 
would be inevitable. Installation of NH3- SCR 
systems in smaller power generation plants, 
such as co -generation facilities, has a number 
of disadvantages. For example, it requires extra 
space and equipment for storage and management 
of ammonia (toxic) gas, as well as equipment for 
gas leak monitoring. Development of optimum 
NOx remova l  technolog y for these sma l l  
installations demands urgent attention.
Overal l environmental pollution in Japan 
has been considerably reduced due to rigorous 
regu lat ions, together with envi ronmenta l 
technologies that have undergone significant 
advances. In terms of environmental measures 
for large facilities, such as factories and power 
plants, as well as gasoline-powered automobiles, 
Japan is a world leader. The strengthening of 
Figure 5 : Trends in accumulative co-generation system installations in Japan
Source: Reference [37]
Table 5 : Selected values from governmental/municipal NOx regulation standards (gas turbine) 
Unit : ppm (O2=16%) As of 2005
Scale
Guideline of Tokyo Air pollution control law
1st category area 2nd category area Entire country
Gas fuel 
combustion
>= 50,000 kW 10 10
70
>= 2,000 kW 25 35
< 2,000 kW 35 50
Liquid fuel 
combustion
>= 50,000 kW 10 10
>= 2,000 kW 25 50
< 2,000 kW 35 60
(Note)  Target : facilities that cosume more than 50 l/h crude equivalent of fuel.
 1st categ ory area : 23 metropolitan wards, Musashino-City, Chofu-City, (defunct) Hoya-City, 
Komae-City.
 2nd category area : all other areas excluding those aboves
Source: Prepared from reference data
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environmental regulations is the most direct 
and effective measure to improve environmental 
health. However, it should also be noted that 
environmental regulation could also harm 
the development and dissemination of new 
technology. Outstanding technology that can 
easily surpass the regulation value may not be 
adopted if it is too expensive (e.g. due to high 
development costs) compared with an average 
technology that is just able to meet the criteria, 
or because it lacks a proven track record. For 
example, if the NOx regulation standard is set 
to 10 ppm, the majority tends to prefer the 
technology which can solve 10 ppm problem over 
a more advanced the other technology which can 
solve 5 ppm issue if the latter is more costly.
In the U.S., the EPA and state authorities 
have introduced various incentives, including 
environmental technology verification programs 
and NOx emissions quota trading, to promote 
development and dissemination of new NOx 
remova l  technolog ies.  Fac i l i t ies  that  a re 
required to meet the BACT and LAER regulation 
targets have to introduce more sophisticated 
environmental technologies. These measures 
appear to have been effective in promoting 
new NOx reduction technologies, as well as 
in providing economic incentives. Japan has 
also introduced various measures to support 
development of new environmental technologies: 
t he  p i lo t  p r o j ec t  o f  t he  env i r on ment a l  
technology veri f ication [40], introduction of 
the BACT approach to environmental impact 
assessment[Note 1][41], and the promotion project to 
disseminate NOx emission guideline compliant 
equipment (for small equipment, such as hot 
water apparatus, that fall outside the emission 
regulation) [8]. However, the pilot project of 
the environmental technology ver i f ication 
that started in 2003 targeted selected areas 
of technology. The envi ronmenta l impact 
assessment covers only large-scale facilities and 
excludes small installations. The NOx emission 
guideline compliant equipment does not cover all 
small equipment. For example, small generators 
for emergency use are excluded from the 
guideline.
5 Proposals for environmental
 catalyst development:
 Towards a better environment
Based on the agenda described in the previous 
chapters, we present the following proposals 
for the enhancement of environmental catalyst 
technology in Japan.
(1) Promotion of technology for reducing
 the use of precious metals
Re s e a rch  a i med  a t  r educ i ng  prec iou s  
metal usage in catalysts has a long history. 
Because of the complex nature of catalytic 
reactions (involving atomic and molecular level 
phenomena), analysis has been largely performed 
on a trial-and-error basis requiring an extensive 
range of experiments to cover all combinations. 
Recent advancement of analytical methods has 
gradually changed this situation. Details of the 
mechanisms of catalytic reaction and catalyst 
degradation have been elucidated, and computer 
simulations have reached the stage that they 
have become helpful in further deepening 
our understanding. A good example of these 
advancements is the study of self-regenerative 
catalysts. The growth suppression mechanism 
of ultra-fine particles of Pd was elucidated by 
means of synchrotron radiation X-ray analysis 
equipment installed in Japan (Japan Synchrotron 
Radiat ion Research Inst itute (SPr ing - 8)) .  
According to this mechanism, Pd usage can be 
reduced by 70 -90% [23]. The same approach is 
expected to also apply to other precious metals 
and will contribute to the reduction of their 
usage in catalysts [42]. Computer simulations 
are being actively used to understand the 
react ion mechanism at a molecu lar level.  
Typical examples include the search for active 
catalysts [43] and elucidation of the sintering 
processes in catalytic reactions using µm-level 
simulations [44]. The use of state - of - the - ar t 
analytical instruments and simulations shows 
great promise in enabling much more efficient 
catalyst development, ultimately resulting in the 
substantial reduction of precious metal usage. 
These novel methodologies will help elucidate 
hitherto unknown mechanisms, paving the 
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way for technical breakthroughs. Large - scale 
equipment that exceeds the financial resources of 
companies or universities should be introduced 
using the national budget. Although highly 
sophisticated analytical instruments, such as 
SPring- 8, present difficulty in terms of both 
operation and data analysis, close cooperation 
between universities/research institutes (with 
advanced information regarding the measurement 
techniques) and companies developing catalysts, 
will enable streamlining of the development 
process. Research into non - precious metal 
containing catalysts for use in automobiles is an 
important issue. Practical application, however, 
has not yet been real ized. Universities and 
national research institutes should spearhead 
basic research in this area.
(2) Enhancement of precious metal recycling
Compliance with the End - of - Li fe Vehicle 
Recycling Law and prevention of the unlawful 
disposal of junked vehicles are needed to increase 
the recovery yield of used catalysts. In view of 
the fact that an enormous number of new/used 
vehicles are exported overseas, the development 
of recycling systems in the destination countries, 
especial ly in developing countr ies, should 
be an ef fect ive way of at ta in ing a h igher 
recovery yield of used catalysts. In this respect, 
governmental support projects, such as the 
Green Aid Plan[Note2][45], will provide incentives 
for developing countries to start constructing 
recycling systems for junked vehicles and used 
precious metals.
(3) Development of environmental catalyst
 technology that directly contributes to
 solving the energy problem
Addressing the energy problem, especially CO2 
reduction, is an urgent issue. A typical challenge 
is the reduction of emissions from diesel-powered 
automobiles to the level of gasoline -powered 
vehicles. The dissemination of the automobiles 
with ultra-clean exhaust emissions will greatly 
contr ibute to the reduct ion of  cr ude oi l  
consumption and CO2 emissions. In view of the 
projected broader utilization of bio -mass and 
natural gas in the near future, which will also 
contribute to CO2 reduction, evaluation of the 
nature of exhaust gas from bio -mass fuel and 
the development of an exhaust cleaning catalyst 
suitable for use with CNG and bio -mass fuels 
will be important. For better emission reduction 
performance, engines and catalyst systems 
should be fully integrated, which necessitates the 
coordinated development of engine and catalyst. 
Following this approach, a novel hybrid emission 
reduction system that incorporates plasma 
technology and catalysis is under consideration. 
Use of plasma may make it possible to activate a 
catalyst at lower temperatures. Previously, activity 
was only attained at elevated temperatures[46,47]. 
The combinat ion of a photo - cata lyst  and 
plasma technology for air purification system 
was pioneered in Japan and has already been 
utilized in commercial applications. Continued 
refinement of this hybrid system may mean that 
the energy required for emission reduction can 
be reduced.
(4) Promotion of technological competition
 that contributes to the advancement of
 environmental technology
For Japan to maintain its leading position in 
the environmental catalyst arena, the promotion 
of competition is necessary so that developers 
of  super ior  tech nolog ies  a re  f i nanc ia l ly  
rewarded. Possible measures for this purpose 
include expansion of the areas targeted by the 
pilot project of the environmental technology 
verification, and also expanding the range of 
equipment included in the low NOx equipment 
promotion project. In the U.S., a variety of 
regulations have been implemented to help 
dissemination of sophisticated environmental 
technologies. It would be useful to introduce 
these measures to small equipments excluded 
from application of the environmental impact 
assessment in Japan in a fashion suitable to our 
country. NOx emissions quota trading will be 
a powerful incentive for the development of 
low NOx emission technology. However, as the 
large-scale blackout that occurred in California 
clearly illustrates, suitable modification of this 
approach is needed in order for Japan to adopt it.
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Notes
[Note 1]  When assessing the effects on the 
environment, criteria are added to 
evaluate if the business entity has adopted 
the optimal technology available to 
reduce the environmental impact.
[Note 2]  Governmental projects that assist 
developing countries to start energy and 
environmental protection measures, 
in which Japanese environmental 
protection technology is actively used.
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1 Introduction
The Clean Development Mechanism (CDM), 
one of the Kyoto Mechanisms described in the 
Kyoto Protocol, is considered an excellent means 
for encouraging advanced countries to transfer 
their technologies for reducing greenhouse gas 
emissions to developing countries *1 However, the 
present Protocol, due to expire in 2012, does not 
include emissions reductions related to nuclear 
activities because of the EU’s objection.
Several Asian countries such as China and 
India, defined as developing countries in the 
Kyoto Protocol, are predicted to show rapid 
increases in economic growth and emissions of 
greenhouse gases. As a result, these countries 
may need to fulfi l l their new obligations to 
reduce greenhouse gas emissions by working 
together with the U.S.A. and others for the 
common purpose of protecting the global 
environment. The introduction of nuclear power 
generation systems into developing countries 
as soon as possible is considered an effective 
means for the prevention of global warming 
while these countries continue their sustainable 
development. It is therefore appropriate for 
Asian countries such as China, India, Indonesia, 
Korea and Vietnam to incorporate nuclear 
technologies into the CDM in the second term 
of the Kyoto Protocol, beginning in 2013 [1]. 
What is effective is the assistance of advanced 
countries in areas such as implementing safety 
and nuclear nonproliferation measures as well as 
the development of the infrastructures necessary 
to introduce nuclear technologies.
This article briefly describes the Kyoto Protocol 
and the Kyoto Mechanism, the present nuclear 
constraints included in the Kyoto Protocol, 
and the trends in greenhouse gas emissions 
found in advanced and developing countries. 
It also urges the adoption of a multifaceted 
approach to achieve the new targets during 
the post-Kyoto Protocol period. Furthermore, 
the article proposes a possible scenario for 
future development that would be effective in 
helping developing countries reduce greenhouse 
gas emissions through the use of nuclear 
technologies. Thus, this article focuses on the 
importance of nuclear technologies with respect 
to the Kyoto Mechanism. It also describes a 
number of problems facing developing countries 
in Asia and other regions, including measures that 
they should take to promote the use of nuclear 
technology. Such measures are ensuring safety 
and nuclear nonproliferation as well as those for 
developing the necessary infrastructures. 
2 Current status
 of the Kyoto Protocol
This chapter describes the significance of the 
Kyoto Protocol and the Kyoto Mechanism and the 
constraints placed on the current utilization of 
nuclear technologies.
2-1 Outline of the Kyoto Protocol
The third session of the Conference of the 
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Par t ies to the United Nat ions Framework 
Convention on Climate Change (COP3), held in 
Kyoto in December 1997, agreed on the Kyoto 
Protocol that defines the reduction targets 
of greenhouse gas emissions to be applied to 
the advanced countries. The Kyoto Protocol 
established quantified targets for the reductions 
in greenhouse gas emissions (from 1990 levels) 
required from 2008 to 2012, for example, 6% 
for Japan, 7% for the U.S.A. and 8% for the EU. 
Table 1 summarizes the agreements contained 
in the Kyoto Protocol. The U.S.A., with the 
highest levels of greenhouse gas emissions in 
the world, along with Australia, later seceded 
from the Kyoto Protocol. Despite this, the Kyoto 
Protocol formally took effect in February 2005 
after ratification by Russia. Thus, all Parties to 
the Kyoto Protocol are now obliged to achieve 
their stated reduction targets for greenhouse 
gas emissions. The greatest impact of the Kyoto 
Protocol is that it has, for the first time in human 
history, caused world at large to place constraints 
on the use of coal.
2-2 Constraints on the utilization of
 nuclear technologies in the Kyoto Mechanism
To achieve emissions reduction targets, the 
Kyoto protocol allows each country to make use 
of following measures: Countries may either take 
joint measures with other countries to combat 
global warming, and have this considered as 
part of its domestic reduction of emissions. Or, 
they can purchase the necessary reductions in 
emissions from other countries. This is called the 
“Kyoto Mechanism (flexible action)”. The Kyoto 
Mechanism is divided into Joint Implementation 
(JI), the Clean Development Mechanism (CDM) 
and Emissions Trading (ET), as shown in Figure 
1F. JI and CDM are fundamentally similar, except 
that JI is implemented in advanced countries 
that are obliged to reduce their emissions, while 
CDM is implemented in developing countries 
that are not obliged to reduce their emissions. 
The rules for the operation of these mechanisms 
were discussed at the COP6 session held at Bonn 
in July 2001, where there was controversy over 
whether the utilization of nuclear technologies 
should be incorporated in the Kyoto Mechanism.
European countries opposed the utilization of 
nuclear technologies to help developing countries 
combat global warming because they were 
concerned about the safety control measures 
available in these countries. On the other hand, 
Japan and other advanced countries (except 
those in Europe), as well as several developing 
countries such as China and India, supported 
the inclusion of nuclear technologies in the CDM 
because they felt that no specific technology 
should be excluded from the negotiations on 
the prevention of global warming [3]. In the end, 
the Chairman’s compromise was adopted that 
a decision be “withheld” on the use of nuclear 
activities to achieve emissions reduction targets, 
under either the JI or CDM mechanisms. Thus, 
the uti l ization of nuclear technologies was 
effectively excluded from the Kyoto Mechanism. 
However, this compromise does not deny that the 
use of nuclear technologies is an effective means 
to reduce the emissions of greenhouse gases.
Table 1 : Key points of the targets to be achieved as part of the Kyoto Protocol
Target gases 
6 types of gases in total, including carbon dioxide,
methane, dinitrogen monoxide, and 3 types of alternatives to freon 
[hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride (SF6)]
Absorbers
The absorption of carbon dioxide by absorbers such as forests is taken into account 
(3.9% for Japan, 0.5% for the EU, 7.2% for Canada, etc.)
Base year 1990 (1995 may be used for HFCs, PFCs and SF6)
Target period 5 years from 2008 through to 2012
Quantified targets
The reduction target shall be at least 5% for all advanced countries.
The individual targets are ▲6% for Japan,
▲7% for the U.S.A. and ▲8% for the EU, etc. (Reference)
  Quantified target Absorbers Greenhouse gas emissions
 Japan ▲6% ▲3.9% ▲2.1%
 EU ▲8% ▲0.5% ▲7.5%
Source : Prepared by the STFC from Reference [2]
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3 Trends in greenhouse
 gas emissions
To consider how countries should share the 
reduction in greenhouse gas emissions in the 
post-Kyoto Protocol, it is important to answer 
the following questions: What is the present 
status of greenhouse gas emissions around the 
world? What will the future trends in greenhouse 
gas emissions are in advanced and developing 
countries? What emission indicators are available? 
This chapter provides some of the answers to 
these questions. Here, carbon dioxide (CO2) 
is considered one of the greenhouse gases 
because it is a very effective source of energy and 
especially abundant, worldwide.
3-1 Current situation
Figure 2 shows the change over time in CO2 
emissions by region and current CO2 emissions, 
broken down by country. Worldwide, CO2 
emissions have steadily increased. This increase 
has been especially rapid in Asia. In FY2001, 
the U.S.A. was the highest CO2 emitter, followed 
by China, Russia, Japan and India, respectively. 
However, of the five countries producing most 
CO2 emissions, only Russia and Japan (3rd and 
Figure 1 : Outline of the Kyoto Mechanism
Source: Reference [4] 
Figure 2 : Changing trends in CO2 emission by region and current CO2 emission levels, broken down by country
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4th respectively) are currently obliged to reduce 
their CO2 emissions under the Kyoto Protocol. 
Russia already has a CO2 emission level much 
lower than its target of ±0% below 1990 levels 
and consequently has a large margin of emission. 
Therefore, Russia is not really obliged to reduce 
its CO2 emissions further. In other words, out of 
the five countries mentioned, only Japan (the 4th 
highest CO2 emitter) really expresses any interest 
in fulf i l l ing its obligation to reduce its CO2 
emissions in accordance with the Kyoto Protocol.
3-2 Future perspectives
Figure 3 shows the predicted trends in CO2 
emissions around the world. Except for the U.S.A. 
and Australia (who have both withdrawn from 
the Kyoto Protocol), the obligations imposed on 
all countries for reducing CO2 emissions are as 
listed in Annex I. Overall, the Annex I countries 
accounted for on ly 35% of the world CO2 
emissions in 1990, and the Intergovernmental 
Panel on Climate Change (IPCC) predicts that 
their share will continue to decrease naturally to 
about 32% in 2010 and 29% in 2020, as shown in 
Figure 3. On the other hand, CO2 emissions will 
significantly increase in the developing countries 
not listed in Annex I (non-Annex I countries), as 
shown in Figure 3, and it is predicted that these 
developing countries will account for about 
50% of global CO2 emissions in 2020. Thus, the 
current Kyoto Protocol does not apply to all 
the regions where CO2 emissions are expected 
to increase rapidly and which are l ikely to 
have a significant impact on global warming. 
To prevent global warming in the future, one 
of the important challenges will be how to 
restrict the CO2 emissions of the U.S.A., Australia 
and developing countries. In addition, a new 
collaboration system is needed, based on various 
emission indicators, which those countries with 
higher emission levels can join.
3-3 Emission indicators
We looked at the levels of emissions in 
advanced and developing countr ies using 
different emission indicators. Figure 2 shows total 
CO2 emissions (2001) in the 12 top countries. 
However, the 30 top countries in the database 
included 15 developing countries such as China 
(2nd) and India (5th). Japan was 4th. The 
emission indicator that the U.S.A. and other 
countries advocated was CO2 emissions per GDP 
Figure 3 : Future CO2 emissions around the world
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Annex I countries: Countries (advanced countries and new OECD countries) listed in Annex I to the 
UN Framework Convention on Climate Change. All the countries listed in Annex I are obliged to reduce 
greenhouse gas emissions under the Kyoto Protocol. Developing countries are not listed in Annex I 
(included instead as non-Annex I countries). 
Source: The 3rd Assessment Report of IPCC and Reference [6]
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(Gross Domestic Product) in 2000, as shown 
in Figure 4. The 30 top countries in terms of 
CO2 emissions per GDP included 21 developing 
countries. China, India, the U.S.A. and Japan were 
ranked at 10th, 15th, 43rd and 65th, respectively. 
On the other hand, developing countries such 
as China and India recommended that CO2 
emissions per capita (in 2000) be used as the 
emission indicator, as shown in Figure 5. This 
chart shows Qatar, Kuwait and the UAE (United 
Arab Emirates) ranked at 1st, 2nd and 3rd, 
respectively, and that the 30 top countries include 
only 10 developing countries. The U.S.A. and 
Japan were ranked at 4th and 21st while China 
and India were 59th and 65th, respectively [7].
Since COP8 (held at New Delhi in November 
2002), developing countries have expressed 
strong opposition to starting discussions on 
any future framework convention because they 
argue that “the advanced countries should take 
the initiative in committing to the protection 
of the global environment” under the principle 
of “common but differentiated responsibilities” 
(Clause 1,  A r t ic le  3,  the Un ited Nat ions  
Framework Convention on Climate Change). 
However, as Figures 4 and 5 shows, this argument 
is not justi f ied in terms of al l the available 
indicators of global warming.
The developing countries have argued that 
most importance should be attached to the 
indicator of CO2 emissions per capita. However, 
another point of view argues about countries 
to include China, India, Korea, Mexico, South 
Africa and Brazil. These countries which have 
highest total emissions of greenhouse gases of 
the developing countries should be responsible 
for tak ing the in it iat ive in protecting the 
environment [4]. To build up a new system for 
sharing the reduction in emissions in accordance 
with a post-Kyoto Protocol, it is important to 
Figure 4 : CO2 emissions per GDP
Top 30 countries in terms of CO2 emissions per GDP are shown in the chart. The 
number to the left of each country’s name indicates the ranking. The countries that 
have the 10 highest CO2 emissions, worldwide, are shown in this chart even if they are 
ranked below 30th place in terms of CO2 emissions per GDP. The colored bars indicate 
developing countries.
Source: Prepared by the STFC from Reference [7]
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have a multifaceted approach: for example, to set 
common global standards for emissions based 
on various indicators but without necessarily 
adhering to the conventional classification of 
advanced and developing countries, so that the 
U.S.A., Australia and other developing countries 
may also participate in the new Protocol.
The so -called equal emission allowance per 
capita [8], described below, should be adopted as 
the common emission standard for all countries. 
The equal emission al lowance per capita is 
calculated by dividing the allowable emissions 
by the predicted total population. By 2100, the 
allowable emission levels will probably stabilize 
the CO2 concentration in the atmosphere at 
around 550 ppm (about twice the level before 
the Industrial Revolution). This is expected to be 
the level that can be tolerated in order to prevent 
global warming. The emission allowance at a 
future point in time for each country is calculated 
by multiplying the equal emission allowance 
standard per capita by the predicted population 
of that country. However, the emissions in 
advanced countries such as the U.S.A. were, are 
and will be more likely to be much higher than 
the emission allowance. In this case, countries 
that have emissions exceeding their emission 
allowance should make effective use of the 
flexible action under the post-Kyoto Protocol to 
observe the principle of polluters’ responsibility 
and efficiently achieve the global reduction 
target. It is predicted that emissions in China 
and other developing countries will probably 
exceed their emission allowance around 2020 
so they will be obliged to reduce their emissions 
just as in the advanced countries. It is expected 
that these countries may easily join in a new 
framework under the post-Kyoto Protocol later, 
because their emissions do not yet exceed their 
emission allowance. The figure for CO2 emissions 
Figure 5 : CO2 emissions per capita
The top 30 countries in terms of CO2 emissions per capita are shown in the chart. The 
number to the left of each country’s name indicates the ranking. The countries that 
have the 10 highest CO2 emissions, worldwide, are shown in this chart even if they are 
ranked below 30th place in terms of CO2 emissions per capita. The colored bars indicate 
developing countries. Source: Prepared by the STFC from Reference [7]
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per capita becomes lower as the CO2 emission 
per unit of energy consumption decreases, the 
consumption of energy per unit GDP drops, 
or the GDP per capita declines. Therefore, the 
reduction in CO2 emissions will be an effective 
way for developing countries to improve the 
efficiency of their economies by saving energy 
and improving productive efficiency.
4 Predicted utilization of nuclear
 technologies in Advanced
 and developing countries
It is predicted that developing countries will 
increase their emissions of greenhouse gases in 
the medium to long term, as described in the 
previous chapter. Therefore, it is expected that 
developing countries will also be obliged to take 
responsibility for reducing their emissions by 
various means. Nuclear technologies are very 
effective in reducing the emissions of greenhouse 
gases, and better than reusable, environmentally 
friendly energy technologies in terms of energy 
supply and power generation cost. Therefore, 
the utilization of nuclear technologies also has 
great significance for developing countries. This 
chapter presents some of the predictions made 
by Ujita et al.[9].  These authors maintain that 
any assistance given to developing countries to 
promote the use of nuclear technologies will 
effectively contribute to the worldwide reduction 
in CO2 emissions and the prevention of global 
warming in the 21st century.
4-1 Prediction technique
To make these predictions, Ujita et al. used 
a very long - term energy supply simulation 
technique that can predict CO2 emissions and the 
global energy supply structure. This technique 
uses the energy module structure of the GRAPE 
(Global Relationship Assessment to Protect 
the Environment)[11] integrated assessment 
model which was also used to produce the 
estimates adopted in the “Third Report of 
Intergovernmental Panel on Climate Change 
(IPCC)”[10]. Based on the predicted demand 
for energy under various circumstances, such 
as constraints placed on CO2 emissions, this 
technique optimizes energy system costs through 
to the year 2100 in each of 10 regions, worldwide, 
and predicts the energy supply structure in each 
region. Based on the optimized energy system 
costs for the next 30 years, the energy supply 
structure is then reviewed every 10 years.
To estimate the future demand for energy, 
cond i t ions  were  adopted that  took i nto  
consideration the promotion of energy saving 
initiatives[9] based upon Case B2 (environmental 
emphasis/regional coexistence) in the IPCC 
Special Report on Emission Scenarios[12]. For 
advanced countries, severe constraints on CO2 
emissions, including the requirements of the 
Kyoto Protocol and the need for a continuous 
5% reduction every 10 years from 2013 onwards, 
were adopted. For developing countries, more 
moderate requirements to maintain atmospheric 
CO2 concentrations below 550 ppm (stabilization 
scenar io through 2100, WRE - 550*2) were 
adopted. It was assumed that oil, coal, natural 
gas, CO2-recoverable coal, solar power, wind 
power, biomass, hydropower, geothermal power, 
and light water reactors (LWRs) would be used 
as primary energy sources and that fast breeder 
reactors (FBRs) would be introduced in 2030. 
Details of the other conditions used are given in 
Reference[9]. Some of the predictions made are 
presented below. Case 1 assumes that the nuclear 
power generation cost in any developing country 
is not given preferential treatment and that there 
is no system in place to promote the introduction 
of nuclear technologies. Case 2 assumes that the 
nuclear power generation cost in any developing 
country is given preferential treatment *3 and 
that there is a system in place to promote the 
introduction of nuclear technologies.
4-2 Results
Figures 6 and 7 show the predicted amounts 
of nuclear power generation plants of light water 
reactors (LWRs) and fast breeder reactors (FBRs) 
that advanced and developing countries will 
have in Case 1 (without a system for promoting 
the introduct ion of nuclear technolog ies 
in developing countr ies) and Case 2 (with 
a system for promoting the introduction of 
nuclear technologies in developing countries), 
respectively, in the 21st century.
In Case 1, nuclear power will be used mainly 
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in the advanced countries with strict regulatory 
constraints on CO2 emissions in the first half of 
the 21st century, while developing countries with 
high economic growth do not actively promote 
the utilization of nuclear power because they 
do not have any regulatory constraints on CO2 
emissions, but instead promote the introduction 
of cheaper coal - fired power plants[9]. In Case 
2, while advanced countries maintain their 
utilization of nuclear power, developing countries 
have a system for promoting the introduction of 
nuclear power and therefore actively promote the 
utilization of nuclear energy so that the amount of 
nuclear power plants (FBRs) in operation is about 
twice as large by 2100 than in Case 1.
The aggregate CO2 emissions for the 50 years 
from 2010 onwards are shown in Figure 8. This 
indicates the extent by which CO2 emissions 
will be reduced in Case 2, compared with that 
in Case 1. The aggregate CO2 emissions in both 
advanced and developing countries without any 
environmental regulation are shown in Case 3. 
The reduction in CO2 emissions is higher in Case 
1, with the existing environmental regulations 
in advanced countries, than in Case 3, with no 
environmental regulation. In Case 2, where a 
system for promoting the introduction of nuclear 
technologies is installed in developing countries, 
CO2 emissions are expected to be about 30 GtC 
(gigatons of carbon) lower than in Case 1.
Therefore, any assistance given to developing 
countries in promoting the utilization of nuclear 
Figure 6 :  The predicted amounts of nuclear power 
generation plants in advanced and developing 
countries [without any system for promoting 
the introduction of nuclear technologies (giving 
preferential treatment to generation cost) in a 
developing country (Case 1)] 
LWR is the acronym for a light water reactor, and FBR is that for a 
fast breeder reactor.  Source: Reference [9] 
Figure 7 :  The predicted amounts of nuclear power 
generation plants in advanced and developing 
countries [with a system for promoting the 
introduction of nuclear technologies (giving 
preferential treatment to generation cost) in a 
developing country (Case 2)]
LWR is the acronym for a light water reactor, and FBR is that for a 
fast breeder reactor. Source: Reference [9] 
Figure 8 : Aggregate CO2 emissions for the 50 years from 2010 through to 2060
The environmental regulations in Cases 1 and 2 comprise the following 
constraints and conditions on CO2 emissions: The strict regulatory constraints 
on CO2 emissions assumed for advanced countries include the Kyoto Protocol 
and the requirement for a continuous 5% reduction every 10 years from 2013 
onwards, while more moderate regulatory constraints requiring that the CO2 
concentration in the atmosphere not exceed 550 ppm (stabilization scenario 
through 2100, WRE-550) were adopted for developing countries. Case 3 
assumes that there is no environmental regulation.
Source: Prepared by the STFC from Reference [9]
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technologies will be very effective, not only in 
overcoming regional disparities in the utilization 
of nuclear technologies, but also in reducing CO2 
emissions and preventing global warming in the 
21st century. If the post-Kyoto Protocol approves 
the utilization of nuclear technologies within the 
Kyoto Mechanism, the parties to the Protocol will 
then have more options available. If the utilization 
of nuclear technologies is formally approved, this 
will probably result in more environmental and 
economic assistance being given to developing 
countries and this, in turn, will be a sensible 
first step towards the establishment of a new 
international framework convention for reducing 
CO2 emissions, worldwide.
5 Problems regarding
 the introduction of 
 nuclear technologies into
 developing countries
As described in the previous chapter, it is 
considered that introducing nuclear power 
generation systems into developing countries 
as soon as possible will be an effective means 
to prevent the acceleration of global warming 
while still allowing these countries to continue 
their sustainable development. This is because 
these systems may be used as the main power 
sources while only producing relatively low levels 
of greenhouse gas emissions. To promote the 
utilization of nuclear technologies in Asian and 
other developing countries, it is very important 
to take safety and nuclear non -proliferation 
requirements into account, as well as building up 
the infrastructures necessary to introduce nuclear 
technologies. This chapter summarizes the 
process of introducing nuclear technologies into 
developing countries and describes the problems 
that can be encountered when promoting the 
utilization of these technologies.
5-1 Introduction of nuclear technologies
By the end of 2004, 434 nuclear power 
plants were operating around the world and 
had recorded the highest- ever total output of 
approximately 379.2 GW (379.20 million kW)[12]. 
Developing countries accounted for only about 
10% or 38.36 GW of the total output. However, in 
China and India, where the demand for electric 
power is expected to increase rapidly, policies 
and programs are in place to increase their 
nuclear power generation capacities to 36 GW 
and 20 GW, respectively, by 2020[12]. Similarly, 
the Korean Government plans to increase its 
capacity to about 27 GW. In China, international 
tendering closed for the upcoming construction 
of 4 nuclear power plants in February 2005. 
French and Russian groups and a U.S. & Japanese 
consortium took part in the tender, and the 
contractors will be selected in 2005. In addition, 
Indonesia, Kazakhstan and Egypt (which do not 
currently operate any nuclear power plants) plan 
to construct about 4, 3 and 2 new nuclear power 
plants, respectively, each of 1 GW (1 million kW) 
capacity, by 2020. In Vietnam, a feasibility study 
has been completed on the construction of a 
new nuclear power plant of 1.2 to 4 GW in the 
southern part of the country by 2020[12].
As nuclear power generation capacity is 
increasing worldwide, including the projects 
described above, it is expected that the world 
demand for uranium will increase by 10 - 29% 
(to between 73495 - 86070 tU/year) in 2020, 
Table 2 : Introduction of nuclear power plants into 
 developing countries
Country
Nuclear power plants in 
operation
Output (GW)
Number of 
plants
Korea       16.72       19
China         6.96         9
Taiwan         5.14         6
India         2.77       14
Brazil         2.01         2
South Africa         1.89         2
Mexico         1.36         2
Argentina         1.01         2
Pakistan         0.50         2
Total in developing countries       38.36       58 
(Japan)      (45.74)      (52)
Total in the world     379.20     434
Developing countries / world       10.1%       13.4%
As of December 31, 2004, 1 GW is equivalent to 1 million kW.
Source: Prepared by the STFC from Reference [12]
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from 66815 tU/year in 2002. On the other hand, 
the world production of uranium is expected 
to increase from about 47000 tU/year in 2003 
to about 62000 tU/year by 2020. The resultant 
shortfall in supply is likely to be met by the sale 
of surplus military nuclear material by the U.S. 
and Russian Governments, though there may 
be concerns about temporary disruptions to 
supply. It should be noted that China, India and 
Pakistan are taking measures to meet their own 
requirements for uranium [3].
The following sections describe the problems 
that developing countries may encounter in 
implementing the projects described above and 
with additional projects aiming to introduce 
nuclear power plants in order to reduce the 
emissions of greenhouse gases. They are intended 
for developing countries that plan to introduce 
nuclear power plants and for those countries that 
are actively promoting the introduction of nuclear 
power plants.
5-2 Technology transfer
Advanced countr ies are faced with many 
challenges in promoting the use of nuclear 
technologies in developing countries. Challenges 
include the transfer of nuclear power generation 
technologies and safety control technologies 
such as those related to reactor maintenance, 
needed to ensure and enhance the safety of 
the nuclear facilities. Another challenge is the 
nuclear material control of technologies to 
ensure nonproliferation[13] in accordance with 
the licenses of the technologies and international 
commitments. The critical reactor maintenance 
tech nolog ies  i nc lude pipi ng i nspect ion,  
prevent i ve  m a i nten a nce  a nd  t he  repa i r  
technologies needed to prevent long-term ageing 
and deterioration[14].
In the field of nuclear safety, Japan has started 
to establish multilateral and bilateral links with 
other Asian countries through the Forum for 
Figure 9 :  Japanese cooperation with other Asian countries through the exchange of nuclear researchers and
 the training service system (results in 2003) 
The systems covered: (i) Nuclear research exchange system, (ii) International Nuclear Safety Seminar, (iii) International training services 
in nuclear safety technologies, (iv) International exchange and dispatch services for nuclear safety, (v) International training services in 
fields such as the safety control of nuclear power plants, (vi) Long-term training services promoting international cooperation to ensure 
the safety of nuclear power plants, and (vii) Introductory course in nuclear power generation. Systems (i) to (iv) are operated by the 
Ministry of Education, Culture, Sports, Science and Technology, (v) and (vi) are operated by the Ministry of Economy, Trade and Industry, 
and (vii) is operated by the Japan International Cooperation Agency (JICA). The fields covered include the utilization of radiation in the 
agricultural, industrial, medical and other sectors. Source: Reference [15] 
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Nuclear Cooperation in Asia and the framework 
of the Regional Cooperative Agreement for Asia 
and the Pacific under the International Atomic 
Energy Agency (IAEA)[15]. In future, however, 
it will be necessary for Japan to contribute to 
the establishment and improvement of nuclear 
safety technology in other Asian countries not 
only through these forums and frameworks but 
also through the exchange of researchers and the 
training service system[15]. In order to cooperate 
with other Asian countries, it is also necessary to 
consider whether or not these countries are and 
will be politically stable and whether or not they 
are parties to and complying with the relevant 
conventions and frameworks.
5-3 Establishment of infrastructures
Another challenge in promoting the utilization 
of nuclear technologies in developing countries 
is how to build up the infrastructures necessary 
for the introduction of the appropriate nuclear 
technologies into these countries. In the case 
of developing countries that plan to introduce 
nuclear power generation plants for the first 
time, it is important that advanced countries 
help them build up the necessary infrastructures 
for a nuclear non-proliferation system, safety 
regulations and a nuclear liability system, and 
help foster good public relations regarding 
nuclear technologies. It is also important for 
advanced countries to help developing countries 
with the creation of the human resources 
necessary to maintain and strengthen these 
systems. Japan has worked together with other 
Asian countries to build up the infrastructures to 
help develop human resources in these countries, 
especia l ly  th rough the above - ment ioned 
frameworks such as the exchange of nuclear 
researchers, the training service system and 
the Forum for Nuclear Cooperation in Asia, 
as shown in Figure 9. In future, Japan should 
continue to provide assistance and cooperation to 
developing countries in Asia. When introducing 
nuclear power plants into developing countries, 
it will take a long time to help build up their 
infrastructures, establish their legislative systems 
and develop the human resources required. 
Therefore, it is recommended that advanced 
and developing countries should enter into 
bilateral nuclear agreements or cooperative 
agreements as soon as possible[15]. As for the 
developing countries that are actively promoting 
the introduction of nuclear power plants, 
advanced countries should not only cooperate 
with them in order to ensure their safety, 
develop human resources and comply with 
nuclear non-proliferation measures, but should 
also actively assist international nuclear power 
companies wanting to do business with them, 
regarding the peaceful use of nuclear technology.
To introduce nuclear technolog ies into 
developing countr ies, it  is a lso necessar y 
for advanced countries to provide f inancial 
assistance. At present, the World Bank operates a 
variety of Carbon Funds in accordance with the 
Kyoto Mechanism[7]. The post-Kyoto Protocol will 
discuss the operation of funds (appropriate to the 
Protocol) needed to help developing countries 
respond to the impact of climate change[16]. If the 
use of nuclear technologies is adopted as part of 
the Kyoto Mechanism, Japan will need to help 
these countries construct nuclear facilities instead 
of thermal power plants using Japanese funds and 
technologies to reduce emissions effectively with 
systems such as the CDM.
6 Recommendations
This article provides an overview of the Kyoto 
Protocol and Kyoto Mechanism, the existing 
constraints placed on the use of nuclear power, 
and trends related to greenhouse gas emissions 
in advanced and developing countries. It also 
emphasizes the importance of a multifaceted 
approach to achieving new targets within the 
framework of a post-Kyoto Protocol. To illustrate 
the importance of nuclear technologies in the 
Kyoto Mechanism, this paper examines the 
prediction that collaboration from advanced 
countries will help developing countries promote 
the use of nuclear technologies, and will be an 
effective way to reduce greenhouse gas emissions 
and prevent global warming in the 21st century. 
However, to promote the use of nuclear power 
in developing countries in Asia and elsewhere, 
it is important to implement safety and nuclear 
nonpro l i fe r a t ion  mea su re s  a nd  deve lop  
infrastructures so that nuclear technologies 
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can be introduced. In this paper, a process to 
introduce nuclear technologies into developing 
countries is described. Some of the problems 
related to the transfer of these technologies, as 
well as the development of infrastructures to 
promote the use of these technologies are also 
presented. Next, we provide recommendations 
regarding the way the post -Kyoto Protocol 
should be formulated and suggest that advanced 
countries should help developing countries 
introduce nuclear technologies.
(1) A multifaceted approach to build a framework
 for sharing environmental burdens
It is necessary to create a system in which the 
United States and other more advanced nations, 
together with developing countries can share the 
burden of reducing greenhouse gas emissions to 
protect the environment. Japan has expressed 
an interest in fulfilling its obligations to reduce 
greenhouse gas emissions and; therefore, should 
actively participate in international discussions 
aimed at building the framework. Establishing 
common global standards for emission reduction 
should be based on a multifaceted approach that 
calculates emission reduction shares using a 
variety of indicators such as emissions per capita 
and GDP. 
(2) Incorporating nuclear technologies into
 the Kyoto Mechanism (CDM/JI)
To maintain the Kyoto Mechanism within 
the framework of the post-Kyoto Protocol, the 
recommendation is that Japan, together with 
China, India, and other developing countries, 
persuade the European countries to incorporate 
nuclear technologies into CDM and JI. Most 
importantly, Japanese representatives need to 
explain the safety of nuclear technologies to 
those in Europe who are responsible for deciding 
environmental policies.
(3) Assistance for promoting the use of
 nuclear technologies in developing countries
The introduction of nuclear power generation 
systems could be an effective way to both 
promote sustainable development in Asian 
and other developing countries and prevent 
the acceleration of global warming. However, 
to ef fect ively promote the use of nuclear 
technologies in developing countr ies, it is 
necessary that advanced countr ies provide 
assistance in accordance with the current nuclear 
nonproliferation system:
(i)  It is necessary to transfer technologies, 
i nclud ing sa fet y controls  related to 
nuclear power generation, and to provide 
assistance in the implementation of these 
technologies to developing countries. Japan 
will need to encourage other developing 
countr ies  to par t ic ipate in relevant 
conventions and frameworks, and it will 
need to cooperate in the establishment of 
such a system. 
(ii)  To  e f f e c t i v e l y  i n t r o d u c e  n u c l e a r  
t e c h n o l o g i e s  a n d  e s t a b l i s h  t h e  
infrastructures in developing countries, 
greater importance should be given to the 
development of human resources and to 
providing financial assistance. Japan should 
actively help developing countr ies to 
establish the necessary infrastructures such 
as the development of human resources, 
a nuclear nonproliferation system, safety 
regulations, a nuclear liability system, and 
assistance with public relations.
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Glossary
*1 Developing countries
 The Kyoto Protocol defines developing 
countries as those that are not obliged to 
reduce their emissions of greenhouse gases. 
